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Austin Belcher, Environ. Engineer
HCR 35, Box 380
Herper,ur 84526 43511
(435) 448-2668 - Office
(a35) 4+s-2532 - Pax 

&_

Canyon Fuel
Company, LLc.

$kyline Mine
A SuDrHHy d Ardr \,Vadun Bllumlnor Group, tl$,

March 29,2010

Mr. Daron R. Haddock
Permit Supervisor
Utah Division of Oil, Gas and Mining
1594 West North Temple, Suite 1210
Salt Lake City, Utah 84114-5801

RE: 2009 Annual Report, Canyon Fuel Comparry,LLC. Skyline Mine, C10071005,

Dear Mr. Haddock:

Please find enclosed with this letter two (2) copies of the 2009 Annual Report and a CD
containing the 2009 As Mined and Subsidence Maps.

If you have any questions, please call me at (435) 448-2668.

COPY

Austin Belcher
Environmental Engineer, Skyline Mine
Canyon Fuel Company, LLC.

Enclosures
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This Amual Report shows information the Division has for your mine. Please review the information to see if it
is current. If the information needs to be updated please do so in this document. At the end of each section the operator is
asked to verifr if the information is correct. Please answer these questions and make all comments on this document.
Submit the completed document and any additional information identified in the Appendices to the Division by April 30,
2010. During a complete inspection an inspector will check and verifu the ffiormation. To enter tex! click in the cell and
type your response. You can use tlle tab key to move from one field to the next. To enter an X in a box, click next to the
box, right click, and select properties, then the checked circle, then hit enter, or hit the unchecked circle if the X is to be
removed.

GENERAL INFORMATION

Canyon Fuel Company, LLC
Skvline Mine

April 30,2012
c100710005
Wess Sorensen, Mine Manager

Permiffee Name
Mine Name
Operator Name

(If other then permittee)
Permit Expiration Date
Permit Number
Authorized Representative Title
Phone Number
Fax Number

d#fill#fl:::,
Designated Representative
Resident Agent
Resident Agent Mailing Address
Number of Binders Submitted

43s) 448-2619
(435) 448-2632
wsOrensen@archcoal .0onr
Skyline Mine HRC 35 Box 380 Helper, UT 84526

_Qregg Galecki
Corporation Trust Company
Corporation Trust Company 1209 Orange Street Wilmington, DE
2

Operator, please update any incoffect information.

IDENTIFICATION OF OTHER PERMITS

Identify other permits that are required in conjunction with mining and reclamation activities.

ID Number
MSHA Mine ID(s) r2rt-uT-09-0 r566 Skvline Mine #3

r2r 1-uT-0901s66-01 line Mine Waste Rock Di

MSHA Impoundment(s)

NPDESruPDES Permit(s)

Storm Water Permit

uT 0023540-0r,02,03,
004(inactive)

t l l30/14UPDES Permit for Skyline Mine, Rail
Loadout, Waste Rock Disposal Site,
Winter Ouarters Ventilation

rated into UPDES Permit rr/30/14
PSD Permit(s) (Air) Official Site Identification

r47-98

MSFIA Mine ID(s) 1211-UT-09-01566-03Skyline Temporary Waste Rock
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Operator, please update any incorrect information.

CERTIX'IED REPORTS

List the certified inspection reports as required by the rules and under the approved plan that must be
periodically submitted to the Division. SpeciS whether the information is included as Appendix A to this
rqrort or currently on file with the Division.

Certified Reports: Required
Yes N

Operator Comments:

Inspector:
Has the operator complied with this section? Yes f|
Inspector Comments:

Included or DOGM file location

NoI

COMMITMENTS AND CONDITIONS

The Permittee is responsible for ensuring annual technical commitnents in the MRP and conditions
accepted with the permit are completed throughout the year. The Division has identified these commifinents
below and has provided space for you to report what you have done during the past year for each commitnent.
If the particular section is blank, no commitrnent has been identified and no response is required for this report.
If additional written response is required, it should be filed under Appendix B to this report.

ES No ncluded Vol, C ,P e
Excess Spoil Piles n X I

Refuse Piles X f f Submitted via email on 4/13/09,7/23/09, Il/3/09, l/25/10

Impoundments X r n Submitted via email on 1l25l|0

Other
f T r

)
tr tr tr

Admin R645-301-100

oils R645-301-200
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Title: WASTE ROCK SAMPLING
Objective: To document chemical characteristics and support reclamation plan using less than four feet ofcover and to
protect surface and groundwater.
Frequency: During periods ofdeposition at tlre waste rock site.
Status! Quarterly sampling, 1 sample per 2000 tons hauled to disposal site.
Reports: Annual reporting.
Citation: Vol. 3, Section 4.4,pg.4-30,2ndpara. And 1988 Soils Guidelines Table 6.

Operator: Has this commitment been acted on this year?

Yes ! No ! Not required this year. [] If yes, commenr;
Operator Comnents:
Skyline deposited only approximately 900-1,000 tons of material to the site in 2009. Material consisted ofnative
colluvium that had accumulated under the Overland conveyor.

Inspector:
Has the operator complied with this commitment? Yes ! No n
Inspector Comments:

Title: SUBSOIL SAMPLING AT WASTE ROCK SITE.
bjective: To provide chemical characteristics of purchased subsoil.
requency: Sample purchased subsoil for parameters in Table I of the Utah 1988 Guidelines.

Status: Ongoing with contemporaneous reclamation at the waste rock site.
Reports: None specified. Suggest verbal communication with Division and lab analysis to be included in bond release
application.
Citation: Vol. 3, Section 4.6.4.1, pg. 4-38q 3rdpara. And pg. 4-38b.

Op€rator: Has this commitrnent been acted on this year?

Yes I No I Not required this year. I If yes, commenU
Operator Comments:
Skyline Mine did not purchase any subsoil in 2009 for contemporaneous reclamation activities.

Inspector:
Has the operator complied with this commitment? Yes I No I
Inspector Comments:
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Title: SAMPLING PRIOR TO SLURRY PLACEMENT IN ABAIIDON IJNDERGROIJND WORKINGS.
Objective: Protection of groundwater.
Frequency: Every 450 ft. ofadvance.
Status: Ongoing.
Reports: Notification ifparameters are out of compliance with Guidelines for Topsoil and Overburden.
Citation: Volume 2, Incorporation of 97K-land Section 1.2 (at the end of Section 3.2) and Section 3.2.8.

Operator: Has this comrnitrnent been acted on this year?

Yes ! No I Not required this year. ! If yes, comment;
Openrtor Comments:
Skyline did not pump any slurry into abandoned underground workings in 2009.

Inspector:
Has the operator complied with this commitment? Yes I No n
Inspector Comments:

Title: SAMPLING oF wAsTE RocK IN TEMPORARY STOCKPILES.
jective: Protection of surface and groundwater.

requency: If remains in temporary location longer than three months.
Status: 1 sample/ 2000 tons oftemporary stockpiled material.
Reports: Annual reporting not specified, but assumed to be the same as disposal site sampling (previous paragraph on
same page).
Citation: Vol. 3, Section 4.4, pg. 4-30, 3rd para. And 1988 Soils Guidelines Table 6.

Operator: Has this commitment been acted on this year?

Yes ! No I Not required this year. ! If yes, comment;
Operator Comments:
The temporary stockpile remained small tlroughout 2009, requiring no sampling.

Inspector:
Has the operator complied with this commitrnent? Yes I No !
Inspector Comments:

Biolosy R645-301-300
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Title: CULTURAL RESOURCES
Objective: If during the course of rnining operations, previously unidentified cultural resources are discovered the
Permittee shall ensure that the site(s) is not disturbed and shall notiff the Division of Oil, Gas, and Mining. The Division,
after coordination with OSM, shall inform the Permittee of necessary actions required. The Permittee shall implement the
mitigation measures required by the Division within the time frame specified by the Division.
Frequency: As needed.
Status: Ongoing.
Reports: Annual.
Citation: Permit Condition Sec. 16.

Operator: Has this commitrnent been acted on this year?

Yes ! No I Not required this year. ! ffyes, comment;
Operator Comments:
No previously unidentified cultural resources were discovered in 2009.

Inspector:
Has the operator complied with this commitment? Yes I No n
Inspector Comments:

itle: MACROINVERTEBRATE SURVEYS
Objective: To determine if rnining and mining related activities are impacting the perennial sfieams located in Woods,
Eccles, Bumout and James Canyons.
Frtquency: Fall and Spring every three years beginning in 2007.
Status: Reports are Overdue. Sampling has been conducted in 2007 and 2008.
Reports: Annual.
Citation: Appendix A-3, Volume 2, The Macro benthos of Bumout and James Canyon Creek. Benthos of
Boardinghouse & Eccles Creek, Fall 2001. Macroinvertebrates ofEccles Creek, October 2004. Volume 1A, Section 2.8,
pages2-71,714,8, C, Section 2.8, table 2.8-1a.

Operator: Has this commitment been acted on this year?

Yes ffi No I Not required this year. X If yes, comment;
Operator Comments:
The2007-2008 reports for James, Burnout, Eccles, Woods Canyons are submitted.

Inspector:
Has the operator complied with this commitment? Yes I No f]
Inspector Comments:
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Title: FISII SIIRVf,YS
Objective: To determine if mining and mining related activities are impacting the perennial sfeams located in Eccles
Canyon.
Frequency: In the Fall Every three years beginning in 2007.
Status: Ongoing. Most recent surveys were conducted in 2007. Next survey due in 2010.
Reports: Annual.
Citation: Volume lA, Section 2.8, page2-71.

Operator: Has this comrnitrnent been acted on this year?

Yes ! No I Not required this year. ! If yes, comment,
Operator Comments:
The next scheduled electro fishine exercise is in 2010.

Inspector:
IIas the operator complied with this commitment? Yes ! No !
Inspector Comnaents:

Title: Vegetation sulTey program for the Winter Quarters and Woods Stream channels.
Objective: Baseline and monitoring surveys for vegetation along stream channels.

roquency: Baseline survey ofentire length ofchannels in 2005, monitoring surveys two years prior and during
ining of specific lengths of the channels, and follow-up surveys two years after undermining.

Status: Ongoing
Reports: Division's Annual Report
Citation: Vol. A-2 2nd volume; Vol. A-3 2"d volume.

Operator: Has this commitment been acted on this year?

Yes ffi No t] Not required this year. I If yes, comment;
Operator Comments:
The Mt. Nebo report is included with this report.

Inspector:
Has the operator complied with this commitment? Yes E No tr
Inspector Comments:
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Title: TOPSOI SAMPLING.
Objective: To determine fertilizer application rate.
Frequency: At final reclamation sample topsoil for N. P. K" Fe. Mg. Mn. Zn. Ca and pH.
Status: Analysis of redistributed topsoil.
Reports: None specified. Sugeest verbal communication with Division and lab analysis to be included in bond
release application.
Citation: Vol. 3" Section 4.

Operator: Has this commitment been acted on this year?

Yes ! No X Not required this year. ! If yes, commenr;
Operator Comments:
No soil was redistributed in 2009.

Inspector:
Has the operator complied with this commitment? Yes n No n
Inspector Comments:

-landuse, Cultural Resources. Air Qualitv R645-301- 400

?ngin"".ing R645-301-500

Geology R645-301-600

Hydrology R645-30 1 -700

Title: Age-monitoring of Water.
Objective: Understand possible sources of groundwater inflows
Frequency: When inflows of 800 gpm are encountered.
Status: No significant inflows in the North Lease.
Reports: As needed.
Citation: Volume 1, Page 2-35b,Parugraph2.

Operator: Has this commitment been acted on this year?

Yes n No X Not required this year. ! If yes, comment;
Operator Comments:
No sustained inflows >800 gpm have been encountered in the North Lease area of Mine #3. No additional age-dating
water analysis was collected in 2009.

Inspector:
Has the operator complied with this commitment? Yes I No n

{nspector Comments:
,
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Title: Measurement of Sediment Yield.
Objective: Understand how much excess sediment the mine is contributing to Eccles Creek.
Frequency: Annually.
Status: Ongoing.
Reports: Annually.
Citation: Volume la, Page 2-43a,Paragraph2.

Operator: Has this commitment been acted on this year?

Yes f No X Not required this year. I If yes, comment;
Operrtor Comments:
This study was discontinued per Section2.4.4 (pages 245 and 2-46) of M&RP). Average discharges are currenfly below
5,000 gpm.

Inspector:
Has the operator complied with this commitment? Yes ! No n
Inspector Comments:

: North Lease Perennial Stream Flow Measurement.
Objective: Understand the impact of longwall mining on perennial portions of streams in Winter Quarters and Woods
Canyons.
Frequency: Monthly, June through October and when accessible, 1 year prior to, dwing and 1 year after undermining.
Status: Ongoing.
Reports: Quarterly to database - we should ask fo a better map, or list ofundermined dates for these sites yearly,
otherwise it is impossible to tell if they are within the timeframes.
Citation: Volume 1a, Page 2-44a, Paragraph 5.

Operator: Has this commitrnent been acted on this year?

Yes X No ! Not required this year. ! If yes, commenr;
Operator Comments:
Monthly monitoring was conducted June through October 2009 with the information provided in the Database. An
amendment to the monitoring program was approved in 2009 which reduced the number of sampling locations based on
multiple year monitoring. Additional monitoring sites will be both added and dropped from the program as mining
advances.
Inspector:
Has the operator complied with this commitrnent? Yes I No E
Inspector Conments:
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Title: Monthly Reporting of Pumped Flows to Electric Lalre and Eccles Creek
Objective: Be aware at all times, of the volurne of water being pumped out ofthe Skyline Mine, and to which drainage.
Frequency: Cumulative monthly flows.
Status: Ongoing.
Reports: Monthly - first week.
Citation: Permit Condition 2.

Operator: Has this comrnitment been acted on this year?

Yes I No ! Not required this year. ! If yes, comment,
Operator Comments:
The information continues to be updated and provided to the Division on a monthly basis.

Inspector:
Has the operator complied with this commitment? Yes ! No n
Inspector Comments:

Bondine & Insurance R645-301-800

r Commitments

*Reminder: Ifequipment has been abandoned during 2009, an amendment must be submitted that includes a map
showing its location, a descripion ofwhat was abandoned, whether there were any hazardous or toxic materials and any
revision to the PHC ils necessarv.

REPORTING OX' OTHER TECHNICAL DATA

List other technical data and information as required under the approved plan, which must be
periodically submitted to the Division. Specifr whether the information is included as Appendix B to this
report or cunently on file with the Division.

Operator Comments:

Inspector:
Has the operator complied with this section? Yes !
Inspector Comments:

Non

LEGAL, FINANCIAL, COMPLIANCE AND RELATED INFORMATION

Change in adninistration or corporate structue can often bring about necessary changes to infounation
found in the mining and reclamation plan. The Division is Requesting that each permittee review and update
the legal, financial, compliance and related information in the plan as part ofthe annual report. Please provide
the Department of Commerce, Annual Report of Officers, or other equivalent information as necessary to
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that the information provided in the plan is current. Provide any other change as necessary regarding
land ownership, lease acquisitions, legal results from appeals ofviolations, or other changes as necessary to
update information required in the mining and reclamation plan. Include certified financial statements, audits or
worksheets, which may be required to meet bonding requirements. Specifr whether the information is currently
on file with the Division or included as Appendix C to the report.

Legal / Financial Update or DOGM File location
Vol, Chapter, Page

Required
Yes No

Included
Included

Department of Commerce,
Annual Report Officers

tr tr T
Other
Officers and Directors X U [] Submitted by V. Miller in March 2010. Stand-alone Volume

"General Chapter l "

tr I T
I T tr

Operator Comments:

Inspector:
Has the operator complied with this section? Yes I
Inspector Comments:

MAPS

Non

Copies of mine maps, current and up-to-date thrcugh at least December 31, 2009, are to be provided to the
Division as Appendix D to this report in accordance witl the requirements ofR 645:301-525.240. The map copies shall
be made in accordance with 30 CFR 75.1200 as required by MSIIA. Mine rnaps are not considered confidential. (Please
provide a CD.)

Confidential information is limited to:

R645-3oo-124.31o. Information that pertains only to the analysis of the chemical and physical properties of t]Ie coal to be
mined, except information on components of such coal which are potentially toxic in tlte environment.

R645-3oo-124.33o. Information on the nature and location of archeological resources on public land and Indian land as
required under the Archeological Resouces Protection Act of r97g e. L 96-95, gg Stat.721, L6V.S.C. 4Zo).

R645-3o1-322, Fish and Wiltllife Information; R645-go1-32z.roo, the scope and level of detail for suclr information will be
determined by the Division in consultation with state and federal agencies with responsibilities {or fish and wikllife and will be
suffrcient to design the protection and enhancement plan rcquired under R645-3o1-333 and R645-3or-3zz.z3o, ottrer species or
habitats identifed through agency consultation as requiring special protection under state or federal law; R645-3o1-333.3oo,
Include protective measures that will be used during tle active rnining phase of operation.

The Division will provide procedures, including notice and opportunity to be heard for persons botl seeking and opposing
disclosure.
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Map Number(s) Map Title/ Description

Annual subsidence
map

Cumulative Subsidence 1982 - 2009

Mine map Skyline Mine; Mine 3 - Levels 2 and 3; As Mined 2009
Other maps Confidential

Yes No
Projected Mining Skyline Mine 3 - Level 3; Projected Mining January 2010 through

2020
X I

l

Operator Comments:

^Inspector:
las the operator complied with this section? Yes tr No I
lnspector Comments:

OTHER INFORMATION

Please provide any comments of further information to be included as part of the Aru:ual Report. Any
other attachments are to be provided as Appendix E to this report. If information is submitted as a group rather
then by individual mine, please identify each of the mine's data in the list below.

Additional attachment to this report? Yes n No n
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Operator Comments:

Inspector:
Has the operator complied with this section? Yes f
Inspector Comments:

NoI

O:\AnnualReport\2009 Annual Reports\Active Mines\Skyline Mine C0070005.doc
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APPENDIX A

Certified Reports

Excess Spoil Piles
Refuse Piles

Impoundments

As required under R645-301-514

CONTENTS
None to submit
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APPENDXB

Reporting of Technical Data

Including monitoring data, reports, maps, and other information
As required under the approved plan or as required by the Division

In accordance with the reouirement ofR645-310-130 ard R645-301-140

CONTENTS
Riparian Plant Community Monitoring Report for Selected Reaches in Winter Quarters Canyo4 2009 - Mt. Nebo Scientific

Vegetation Monitoring at the Conveyor Bench: Treafinent Area No. 3, 2009 - Mt. Nebo Scientific
Arr Assessment Of The Macroinvertebrates of James Canyon Creek & Bumout Creek in Septernber 2007 & Ju$ 2008 - Mt. Nebo

Scientific
An Assessment Of The Macroinvertebrates of Woods Canyon Creek And Winter Quarters Creek, Carbon County, Utah in October

2007 & llly 2008 - Mt. Nebo Scientific
An Assessment ofthe Macroinvertebrates ofEccles Creek in September 2007 and July 2008 - Mt. Nebo Scientific

Cumulative Subsidence 1982 -2009
Skyline Mine, Mine 3 - Levels 2 and 3 As Mined 2009

Skyline Mine, Mine 3 - Level 3 Projected Mining January 2010 - 2020



Riparian Plant Community
Monitoring Report for
Selected Reaches in
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2009
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Introduction

Studv Obiectives

Underground coal mining activities are currently being conducted below Winter Quarters Canyon

in Carbon County, Utah. As a means to monitor the potential impacts to the riparian plant

communities that are supported along the streamsides located above the mining, baseline and

yearly monitoring data have been collected within these zones. The studies have been conducted

before, during and after the mining activities. The first such study began in 2005 with the

objective to provide a comprehensive baseline dataset of representative stream reaches for the

entire area in Winter Quarters (and Woods Canyons), or those that could potentially be impacted

by future underground mining. The 2005 monitoring year has been called the Initial Baseline

Year for the riparian studies.

Regular monitoring of the riparran zones should provide datato determine long-term trends,

natural variability and benchmark information including the possible impacts to the riparian plant

communities caused by mining beneath the creeks and streams of the canyons. The studies have

been designed so that the sample frequency is intensified in the areas where: l) underground

mining is planned for the near future (for more baseline data), 2) where mining is currently

occurring, and 3) where mining has occurred in the recent past.



o

The methodologies used in the studies have been consistent for all monitoring periods. They

were not designed to provide datathat could show subtle changes to community structure and

species composition as a result of minor changes to the riparian habitat (which can occur as a

result of several factors i.e. precipitation changes). Rather, the studies were designed to be

compared with future monitoring studies in an attempt to documentmajor tmpacts to the plant

communities along the stream due to catastrophic events, such as loss of water and habitat from

the effects of subsidence caused from underground mining.

The Study Areas

Winter Quarters Canyon is located within the Wasatch Plateau, a high plateau that lies between

the Colorado Plateau and Great Basin resions of the western United States. The canyon is

located approximately 3 miles west of the town of Scofield, Utah. The study areas of Winter

Quarters Canyon are located within the Manti-La Sal National Forest.

Geologically, most of the area is Cretaceous in age with formations present that include the Price

River, North Hom, and Blackhawk formations. The dominant plant communities of these

canyons were riparian, spruce-fir, aspen/grass, sagebrush/grass and mountain herblands.



Methods

Sample Design" Transect Placement & Frequencv

The riparian vegetation of specific reaches in Winter Quarters Canyon were surveyed in late-

August and early-September, 2A09. Selection of the sample locations of the reaches were based

on the underground coal mining schedule of the Skyline Mines. Like 20A6 - 2008, the methods

for 2009 follow the Initial Baseline Year (2005) described above. The riparian vegetation

surveys have been designed to concentrate on recently mined areas, current mining, and areas to

be mined in the near future. More specifically, the surveys have been conducted where mining

activities are planned under the streams according to the following schedule: 1) two years prior to

mining specific areas, 2)theyear of the mining activities, and 3) two years aftermining has

occurred in the areas. During these study periods, sampling will be intensified by placing sample

stations at regular intervals every 400 ft., rather than the 800 ft. spacing that was used in the

Baseline Year. INOTE: In the Initial Baseline Year (2005) sample locations were placed every

B00ft with the exception of those areas that were scheduled to be mined in late-2005; in those

areas the 400 ft spacing was usedf .

Line transects were placed at each sample station. Locations and extent of the transects were

semi-permanently marked using numbered and flagged wooden stakes and l2-inch metal rods.

The vegetation monitoring methods of the studies have been primarily based on those described



by the USDA Forest Service manual for a "Level III Riparian Area Evaluation" (Integrated

Riparian Evaluation Guide, March 1992)- Qualitative and quantitative data were recorded at the

sample stations established in the field. In the first year of the studies, the overall objective of

the study plan was to begin monitoring years with one complete baseline dataset for all riparian

areas near the perennial streams located in

the mine permit area prior to any mining. As

mentioned, in the subsequent monitoring

years, sample station locations have been

determined and mapped based on the time

period schedule for the proposed

underground mining activities.

Geomorphological stream channel data

outlined in the Level III protocol were not

recorded as part of this study because

Canyon Fuel Company has conducted other

studies that will suffice for this information.

Additionally, soils information through the

Natural Resources Conservation Service

(NRCS) were not available for the study

areas.

TABLE 1: RIPARIAN COMPLEX DATA SHEET

CLIENT:
COMPLEX: Riverine - Number
WATERBODY NAME:
LOCATION:
DATE:
oBSERVER(S):
QUAD NAME:
GEOLOGIC PARENT MATERIAL:
ASPECT:
STREAM GRADIENT:
ELEVATION:.
ADJACENT UPLAND VEGETATION (looking downstream)

Left: Right:
VEGETATIVE DESCRIPTlON (Dominance by Community Types)

SUCCESSIONAL STATUS:
APPARENT FORAGE TREND:
ESTIMATED FORAGE PRODUCTION:
BEAVER ACTIVlTY:
PHOTOGRAPH TAKEN:
LAND USE ACTIVITIES THAT COULD INFLUENCE RIPAR]AN
AREA:
SPECIES OBSERVED:
POOL ATTRIBUTES

o/o area in Pools:
% pool area made uP of Pools > 2'deeP:

AOUATIC VEGETATION
% streambed with filamentous algae:
% stream margin with rooted aquatic:

BANK TYPE & VEGETATION OVERHANG
% bank length undercut (<90"):
o/o bank length gently sloping (>135'):
% bank length with overhanging vegetation:

BANK CONDITION (bankful l  area only)
oh bank length vegetated, stable:
% bank length unvegetated, stable:
% bank length vegetated, unstable:
% bank length unvegetated, unstable:

NOTES:
QUANTITATIVE DATA SUMMARY:
PHOTOGRAPHIC DOCUMENTATION:



Qualitative Data

The "Riparian Complex Data Sheet" shown on Table I lists all of the qualitative and quantitative

data that has been, and will continue to be, collected in the fufure at each sample station.

Photographic stations for documentation and future comparisons have also been established at

each sample location. A sample location map has been included in this report.

Quantitative Data

USDA Forest Service protocol was employed as a model to drive the sfudy plan for quantitative

data. CommuniQ Type Cover is one method to record cover in the USFS Level III protocol. At

the sample locations, transect lines have been placed across (or perpendicular to) the stream

channel. By design, the line transects vary in lengths which are based on several factors.

Although sometimes limited by topographical features, the intent was to make the transects long

enough to cover the entire stream, its riparian communities, plus an additional 10 ft on each side

of the stream to record the adjdcent upland communities. Monitoring the total extent of the

riparian plant communities including some upland community data should provide information

about possible increases or decreases in the riparian communities relative to the adjacent upland

communities.

Once the transects were placed, the line-intercept method was employed to measure the extent of

each major riparian plant community. The plant communities have been named by the dominant



two plant species. If only one species dominates the community by a wide margin, the plant

community was named by this single species. In this report, when reference is made to the left

or right side of the drainage, this means "river left" or "river right", as characterized by looking

downstream.

Results & Discussion

Listed below is a summary of the sample stations for the study areas in2009 (Table 2). For a

map of the locations, refer to the Sample Station Locations for 2009 in Winter Quarters Canyon

in this report.

S e c t i o n  1 1  D r a i n a g e N o - N a m e  D r a i n a g e B o x  G a n y o n B o b ' s  C a n y o n

W Q - 1 9

W Q - 2 0

W Q - 2 1

w Q-22

W Q-23

W Q - 3 5

W Q-36

W Q-06

W Q-24

W Q-25

W Q-26

W Q-27

W Q-28

W Q-29

W Q-04

W Q-34

W Q-03

W Q-33

W Q-30

W  Q - 3 1

W Q-32

W Q.O2

Sample results are shown for each site on the data sheets provided in this report. E,ach sheet
shows all qualitative and quantitative data recorded as well as photographic documentation.
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X :  N u m b e r  W Q - 1 9

wATERBoDY NAME:  w in te r  Quor te rs  conyon c reek  (sec t ion  11  t r ibu tory )

LOCATION:  Wosotch  P lo teou,  Utoh

DATE:  August  29  -  Sep lember  3 ,2009

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V l ie ts t rq

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

GEOLOGIC PARENT MATERTAL:  B lockhowk Formqt ion

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 2  o

E L E V A T I O N :  8 . 5 3 3 f t

S IZE OF COMPLEX:  (see guont i to t i ve  do to)

A D J A C E N T  U P L A N D  V E G E T A T I O N(looking downstream )

R igh t :  Sp ruce /F i rLef t :  Aspen

V E G E T A T I V ED E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s )

Community Name % of Complex

(refer to guonti tot ive dotq results for this informafion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  4 0 0  t b s / a c r e

BEAVER ACTIV ITY :  H i s to r i co l  oc t i v i t y  l ower  i n  t h i s  d ro inoge



Page 2: WQ-19
WQ Riparian Study: 2009

PHOTOGRAPH TAKEN:  Yes

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E

rec reo t i on .

S P E C I E S  O B S E R V E D :

R IPARIAN AREA:  M in ing ,  g roz ing ,  hun t i ng ,

of the streom woter.

2 0 0 8 , 2 7 ' i n 2 O O 9 .

P O O L  A T T R I B U T E S
o/o atao in  pools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0

% stream margin wi th rooted aquat ic :  50 (Rocy)

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 " ) '  20

% bank  l eng th  gen t l y  s l op ing  (>135" ) :  r 10
oh bank length wi th overhanging vegetat ion:  20

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  70

% bank  l eng th  unvege ta ted ,  s tab le :  25
oh bank length vegetated,  unstable:  O

% bank  l eng th  unvege ta ted ,  uns tab le :  5

N O T E S :

1)  S i te  loco ted  jus t  ups t reom f rom o  spr ing  oreo .
2)  P loced s i te  ups t reom f rom the  spr ing  to  decrease in f luence
3)  Le f  t  h i l l s ide  wos s lough ing  in  th is  o reo .
4 ) T r o n s e c t  l e n g t h  w o s  3 f  i n 2 0 0 6 ,  t h e n  t o  3 0 '  i n  2 0 0 7 , 2 7 '  i n

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Achillea millefolium Agrosfls stolonifera

Populus tremuloides Delphinium barbeyi Poa secunda

Epilobium sp.

Geranium ichardsonii

Osmorhiza obtusa

Ranunculus cymbalaria

Rudbeckia occidentalis

Viguiera multiflora



Page 3; WQ-19
WQ Riparian Study: 2009

DATA SUMMARY

WQ-19: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION Cover (ft)
7.00
7.00

RIPARIAN VEGETATION
Dominant Woody Species

Dominant Herbaceous Species
A grostis stolo n ife ra/Ra nu ncul u s cy mbal ari a

TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

I  O IAL COVER 27 00

9.00
1 0 0
3.00
0.00
0 0 0
0.00
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WQ Riparian Study: 2009

PHOTOGRAPH IC DOCUM ENTATION

wQ-1e



RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

COMPLEX:  Number  WQ-20

WATERBODY NAME:  Win ter  Quor te rs  Conyon Creek  (Sec t ion  11  t r ibu tory )

LOCATION:  Wosotch  P lo teou,  Utoh

DATE: August 29 -  September 3,2O09

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V l ie ts t ro

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

G E O L O G I C  P A R E N T  M A T E R T A L :  B l o c k h o w k  F o r m o t i o n

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 3  o

ELEVATION.coT$G.H

SIZE  OF  COMPLEX:  ( see  guon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATION ( took ing  downs t ream)

Lef t :  Spruce/  Aspen Right :  Aspen /  Spruce

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

Community Name % of Complex

(refer to guonti tot ive dofo results for this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S r o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  4 0 0  t b s / a t e  ( r i g h t  s i d e )

BEAVER ACTIV ITY :  H i s to r i co l  use  l ower  i n  t h i s  d ro inoqe

t2



Page2;  WQ-20
WQ Riparian Study:2009

P H O T O G R A P H  T A K E N :  Y e s

LAND USE ACTIV IT IES  THAT COULD INFLUENCE R IPARIAN AREA:  M in ing ,  g raz ing ,  hun t i ng ,
recreat ion.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o area in pools: 75

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  0

BANK TYPE &  VEGETATION OVERHANG
% bank  l eng th  unde rcu t  (<90o ) .  0
Yo bank length gent ly  s loping (>135' ) :
% bank length wi th overhanging vegetat ion:  5

B A N K  C O N D I T I O N

% bank length vegetated,  s table;  10

% bank  l eng th  unvege ta ted ,  s tab le :  0
% bank  l eng th  vege ta ted ,  uns tab le :  0
% bank  l eng th  unvege ta ted ,  uns tab le :  90

N O T E S :

1)  R igh t  s ide  s lough ing  f rom 28 '  to  15 ' ;  some fo l len  ospen.  Not  sure  whot 's  hoppen ing  here  w i th  the
wid th .  f t  went  f rom28 f t  to  15  f t  to to l  w id th  f rom 2OO7 to  2008.  Moy havebeen o  meosurement
er ro r  in  2OO7.  Checked i t  ogo in  in  2OO9:  i t  wos  s t i l l  15  f  t .  (bu t  le f  t  morker  s toke  wos miss ing  so  we
put  o  s toke  o t  15  f t  os  ind ico ted  f rom the  2OO8 meosurement ) .
2) Aspen hod fol len into spr ing.

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Epilobi um angustifolium Agrostis stolonifera

Populus tremuloides Equisetum arvense Elymus canadensis

Geranium richardsonii Carex hoodii

Rudbeckia occidentalis

Senecio serra

Thalictrum fendleri

13



Page 3; WQ-20
WQ Riparian Study: 2009

DATA SUMMARY

WQ-20: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETAT]ON

RIPARIAN VEGETATION

Dominant Woodv Species

Dominant Herbaceous Species

R a n u ncul u s cymbal ari a/ Eq u isetu m arue n se

Cover (ft)

10 .00

1 .00

TOTAL COVER (Upland Species)

TOTAL COVER (Riparian Species)

ROGK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

10.00
1 0 0
0 0 0
2.O0
2.00
0.00
0.00

TOTAL COVER 15.00
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WQ Riparian Study: 2009

PHOTOGRAPH IC DOCU MENTATION

wQ-20



RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X ;  N u m b e r  W Q - 2 1

wATERBoDY NAME:  w in te r  Quor te rs  conyon c reek  (sec t ion  1 l  t r ibu tory )

LOCATION:  Wosotch  P lo teou,  Utoh

DATE:  August  29  -  September  3 ,2OO9

OBSERVER(S) :  P .D.  Co l l ins ,  5 .  V l ie ts t ro

QUAD NAME:  Scof ie ld ,  U ' tah

GEOLOGIC PARENT MATERTAL:  B lockhowk Formot ion

STEAM ASPECT:  N

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 . 5 6 0  f  t

SfZE OF COMPLEX: (see quant i tot ive dafc)

ADJACENT UPLAND VEGETATTON ( took ing  downst ream)

O 
Left: openlSpruc e/ Aspen Right :  Open to Aspen

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

Community Name % of Complex

(refer to quontitofive doto results for this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

ESTIMATED FORAGE PRODUCTTON:  800  l bs /oc re

BEAVER ACTIV ITY :  H i s to r i co l  use  l ower  i n  conyon .

l 6



Page 2; WQ-21
WQ Riparian Study: 2009

PHOTOGRAPH TAKEN:  Yes

LAND USE ACTIV IT IES  THAT COULD INFLUENCE R IPARIAN AREA:  M in ing ,  g raz ing ,  hun t i ng ,

rec reo t i on .

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o ?ra l  in  pools:  2O

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0
7o st ream margin wi th rooted aquat ic :  20 (Rocy)

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90o ) :  0
o/o bank length gent ly  s loping (>135") :  50
% bank length wi th overhanging vegetat ion:  0

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  90

% bank  l eng th  unvege ta ted ,  s tab le :  10
% bank  l eng th  vege ta ted ,  uns tab le :  0

% bank  l eng th  unvege ta ted ,  uns tab le :  0

N O T E S :

1 )  6ood  s tudy  s i t e  -  t he re  wos  on  obv ious  t rons i t i on  f r om s t reom r i po r i on  t o  up lond .
2 )  I he  r i po r i on  zone  he re  wos  w ide r  t hon  up -  o r  down-s t reom.
3)  Si te wos locoted in  o f lo t ter  oreo thot  holds the r ipor ion specieswel l .
4 )  To to l  t r onsec t  l eng th  meosu remen t  hos  dec reosed  eoch  yea r ,o r  37  f ' f  ( 2006 ) ,36  f t  ( 2007 ) ,35

f t  ( 2008 )  ond  32  f t  ( 2009 ) .

5)  Logs ond l i t ter  in  s t reom (see photo) .

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Symphoricarpos oreophilus Aster sp. Agrosfrs stolonifera

Populus tremuloides Helianthella uniflora Carex hoodii

Ranunculus cymbalaria" Elymus canadensis

l 7



Page 3; WQ-21
WQ Riparian Study: 2009

DATA SUMMARY

WQ-21: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION Cover (ft)
4.00
9.00

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agroslls stolonifera

Equisetum arvense

Carex hoodii

TOTAL COVER (Riparian Species)
ROCK (channel)
WATER (channel)

BAREGROUND (channet)

LITTER

MOSS

IU  IAL  UOVER 32.OO

8.00
4.00

15.50
2.O0
1 .50
0.00
0.00
0.00
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WQ Riparian Study: 2009

PHOTOG RAPH IC DOCUM ENTATION



RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

COMPLEX:  Number  WQ-22

WATERBODY NAME:  W in te r  Quor te rs  Conyon  Creek  (Sec t i on  11  t r i bu to ry )

LOCATION:  Woso tch  P lq teou ,  U toh

DATE:  Augus t  29  -  Sep tember  3 ,2OO9

OBSERVER(S) :  P .D .  Co l l i ns ,  5 .  V l i e t s t ro

QUAD NAME:  Sco f  i e l d .  U toh

cEOLOGIC PARENT MATERIAL :  B lockhowk  Fo rmo t i on

STEAM ASPECT:  N

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N : 8 , 5 2 7  f t

S IZE  OF  COMPLEX:  ( see  guon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATION ( took ing  downs t ream)

Lef t :  Spruce/  Aspen Right :  Open to Aspen

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

Community Name % of Complex

(refer to guontitotive doto results for fhis infonmotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  8 0 0  l b s / o c r e

BEAVER ACTIV ITY :  H i s to r i co l  use  l ower  i n  conyon

20



Page2;WQ-22
WQ Riparian Study: 2009

PHOTOGRAPH TAKEN:  Yes

LAND USE ACTIV IT IES  THAT COULD INFLUENCE R IPARIAN AREA:  M in ing ,  g roz ing ,  hun t i ng ,
recreot ion.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
oh area in pools:  40

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  0

BANK TYPE &  VEGETATION OVERHANG
% bank  l eng th  unde rcu t  (<90o ) '  0
% bank  l eng th  gen t l y  s l op ing  (>135o ) :  50
% bank length wi th overhanging vegetat ion:  5

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  9O  on  l e f t ;  10  o r  r i gh t  s i de :  ave rage5O.
% bank  l eng th  unvege ta ted ,  s tab le :  5
% bank  l eng th  vege ta ted ,  uns tab le :  0
% bank  l eng th  unvege ta ted ,  uns tab le :  0

N O T E S :

1 )  The re  wos  o  w ide  r i po r i on  o reo  on  the  l e f  t  s i de .
2 )  I t  wos  d i f f  i cu l t  t o  t e l l  whe re  t he  s t reom wo te r  o r  t he  h i l l s i de  wo te r  i n f l uenced  the  r i po r i on
p fon ts ,  bu t  I  t hough t  t he  s t reom hod  mos t  i n f l uence  i n  t he  a reowhere  the  r i po r i on  cove r
opprooched lOO%. On the le f t  s ide,  th is  wos on oreo of  obout  l t '  ( ref  er  to  doto) .
3 )  The re  we re  r i po r i on  spp .  o t  h i ghe r  e levo t i ons  whe re  f  cons ide red  i t  wos  more  up lond .
4)  Right  s ide vegetot ion wos d is turbed ( token out)  by o s l ide.
5 )  Mud  s l i de  t ook  the  s toke  on  the  r i gh t  s i de .  Wep laced  snew one in2OOg o t  t he  11  f t  d i s tonce .

6 ) B e w a r e : W e w e r e  o t t o c h e d  b y  w o s p s  f r o m  o  g r o y  h o n g i n g h i v e  o t  t h i s  s i t e  i n  2 0 0 8 .  I t  w o s  n o t

seen  i n  ?OO9.

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Rlbes Geranium richardsonii Agrosfls stolonifera

Populus tremuloides Senecio serra Carex hoodii

Ranunculus cymbalaria Elvmus canadensis

Urtica dioica Carex nebrascensis

Veratrum californicum Juncus Iongistylis

21



Page 3; WQ-22
WQ Riparian Study: 2009

DATA SUMMARY

WQ-22: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrosfls stolonifera

Cover (ft)
21.00
9.00

TOTAL COVER (Upland Species)

TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

30.00
9.00
1.00
1 .00
0.00
0.00
0.00

TOTAL COVER 4 1 . 0 0

22
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WQ Riparian Study: 2009

PHOTOGRAPH IC DOCU M ENTATION

wQ-22



RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X :  N u m b e r  W Q - 2 3

wATERBoDY NAME:  w in te r  Quor te rs  conyon c reek  (sec t ion  11  t r ibu tory )

LOCATION; Wasotch Ploteou, Utoh

DATE: August 29 -  September 3,2009

OBSERVER(S) :  P .D.  Co l l ins ,  5 .  V l ie rs t ro

Q U A D  N A M E :  5 c o f  i e l d ,  U t o h

GEOLOGIC PARENT MATERTAL:  B lockhowk Formot ion

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 3  o

ELEVATION:  8 ,481 f  t

S IZE OF COMPLEX:  (see guont i to t i ve  do to)

ADJACENT UPLAND VEGETATTON ( took ing  downst ream)

Left :  Spruce/Fir  Right:  Open to Aspen

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

Community Name % of Complex

(refer to guonti tot ive doto results for this inforrnotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  5 0 0  l b s / o q e

BEAVER ACTIV ITY :  H i s to r i co l  use  l ower  i n  conyon

24



Page 2', WQ-23
WQ Riparian Study: 2009

O 
pHoroGRApH rAKEN:  yes

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r a z i n g ,  h u n t i n g ,
recreat ion.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
oh area in pools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 '  deep :  O

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  O
% stream margin wi th rooted aquat ic :  O

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank length undercut  (<90o).  0
% bank  l eng th  gen f l y  s l op ing  (>135" ) :  10
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  10

B A N K  C O N D I T I O N
oh bank length vegetated,  s table:  85
% bank  l eng th  unvege ta ted ,  s tab le :  15
% bank  l eng th  vege ta ted ,  uns tab le :  0
o/o bank length unvegetated,  unstable:  O

N O T E S :

1 )  On  the  l e f t  s i de ,  t he  uppe r  3  f t  o f  t he  r i po r i on  zone  may  be  i n f l uenced  by  h i l l s i de  ond  s t reom
wote r .

Trees Shrubs Forbs Grasses (or grassl ike)

Picea pungens Equisetum arvense Agrostis stolonifera

Populus tremuloides Geranium richardsonii Carex hoodii

Ranunculus cymbalaria Elymus canadensis

Senecio serra

25



Page 3; WQ-23
WQ Riparian Study: 2009

DATA SUMMARY

WQ-23: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION Cover (ft)
6.00
8.00

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrosfis stolonifera

R an u ncul u s cym bal a ri a/ Eq u i setum a rve n se

TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

4.50
6.00

10.50
2.O0
3.50
0.00
0.00
0.00
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RIPARIAN COMPLEX DATA SHEET
AUGUST 2OO9

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

C O M P L E X :  N u m b e r  W Q - 3 5

WATERBODY NAME:  W in te r  Quor te rs  Conyon  Creek

LOCATION:  Sou the rn  Woso tch  P lo teou ,  U toh

DATE: August  29 -  September 3,2009

OBSERVER(S) :  P .D .  Co l l i ns ,  5 .  V l i e t s t ro

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

GEOLOGIC PARENT MATERIAL :  B lockhowk  Fo rmo t i on

STEAM ASPECT:  no r th

S T R E A M  G R A D I E N T :  1 - 2  o

ELEVATION:  -8478  f t .

S IZE  OF  COMPLEX:  ( see  quon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATION ( took ing  downs t ream)

Lef t :  Aspen R igh t :  Con i f e r

V E G E T A T I V E  D E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s )

Communitv Name % of Complex

(refer to quantitative data results for this information)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  1 0 0

BEAVER ACTIV ITY :  none

28
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WO Riparian Study: 2009

PHOTOGRAPH TAKEN:  Yes

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r a z i n g ,  h u n t i n g ,
recreo t io  n .

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o ?ra? in  pools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 '  deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0

% s t ream marg in  w i t h  roo ted  aqua t i c :  25  (he rboceous )

BANK TYPE &  VEGETATION OVERHANG
% bank  l eng th  unde rcu t  (<90o ) '  50

% bank  l eng th  gen t l y  s l op ing  (>135o ) :  50
% bank length wi th overhanging vegetat ion:  25

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  75

% bank  l eng th  unvege ta ted ,  s tab le :  13

% bank length vegetated,  unstable:  0

% bank length unvegetated,  unstable:  12

N O T E S :

1)  New somple  s i te  in  2OO8 year .
2 )  Good f  lo t  r ipor ion  communi ty  to  mon i to r  on  the  r igh t  s i te .

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Ribes sp. Achillea millefolium Agrostis stolonifera

Delphinium barbeyi

Equisetum arvense

Geranium richarsonii

Helianthella uniflora

Ranunculus cymbalaria

Rudbeckia occidentalis

Senecio serra
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WQ Riparian Study: 2009

DATA SUMMARY

WQ-35:  Gover by communi ty  types in  Winter  Quarters Ganyon (2009).

USDA Forest Service Protocol {1992}

UPLAND VEGETATION

RIPARIAN VEGETATION
Dominant Woody Species

Dominant Herbaceous Species
Agroslis stolonifera

10.00
13.00

0.00
0.00

TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channet)

22.00

22 00
3 5 0
0.50
0.00

LITTER

MOSS

I U I A L U O V b R 49.00
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RIPARIAN COMPLEX DATA SHEET
AUGUST 2OO9

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

COMPLEX:  Number  We-36

WATERBODY NAME:  Win ter  euor te rs  Conyon Creek

LOCATION:  Southern  Wosotch  P lo teou.  Utoh

DATE:  August  29  -  September  3 ,ZOO9

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V t ie rs t ro

Q U A D  N A M E :  S c o f  i e l d .  U t o h

GEOLOGIC PARENT MATERTAL:  B lockhowk Formot ion

STEAM ASPECT:  nor th

S T R E A M  G R A D I E N T :  1 - 2  o

ELEVATION:  8475 f  t

S IZE OF COMPLEX:  (see guont i to t i ve  do to)

ADJACENT UPLAND VEGETATTON ( took ing  downst ream)

Lef t :  Con i f  e r  R igh t :  Con i fe r

VEGETATIVE DESCRTPTTON (Dominance by  Communi ty  Types)

C o m m u n i t y  N a m e % o f  Comp lex

(refer  to  quant i ta t ive data resul ts  for  th is  in format ion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  p R O D U C T T O N :  6 0 0

BEAVER ACTIV ITY :  no

J Z
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WQ Riparian Study: 2009

P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N
rec reo l i on .

SPECIES OBSERVED:

AREA:  M in ing ,  g raz ing ,  hunt ing ,

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Achillea millefolium Aorosfis stolonifera

Delphinium barberi Elymus canadensis

Geranium richardsonii

Mimulus guttatus

Nasturium officinale

Ranunculus cvmbalaria

Senecio serra

P O O L  A T T R I B U T E S

Yo area in pools:  50
o /o  poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
% s t ream marg in  w i t h  roo ted  aqua t i c :  5

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 " ) :  25

% bank  l eng th  gen t l y  s l op ing  (>135" ) :  Z5
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  50  (he rboceous )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  90
% bank  l eng th  unvege ta ted ,  s tab le :  0
% bank  l eng th  vege ta ted ,  uns tab le :  O

% bank  l eng th  unvege ta ted ,  uns tab le :  10

N O T E S :

1 ) T h i s  w o s  o  n e w  s i t e  f o r  2 0 0 8  m o n i t o r i n g .
2 )The re  wos  on  espec io l l y  good  r i po r i on  commun i t y  on  the  l e f t  s i de  f o r  mon i fo r i ng .
3 )  Th i s  somp le  s i t e  wos  somewhq t  more  thon  the  p resc r i bed  d i s tonce  f  r om the  l os t  mon i to r i ng  s to t i on

because  o  sp r i ng  wou ld  hove  mode  the  opp rop r i o te  d i s tonce  d i f f  i cu l t  t o  occu ro te l y  mon i to r .  Tho t

sq id ,  even  i n  t h i s  a rea the re  cou ld  hove  been  some h i l l s i de  wo te r  i n f  l uence  to  t he  r i po r i on  commun i t y .

f  would guess i t  obout  o 7O"L chonce thot  th is  in f luence exis ted.

a a
J J
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DATA SUMMARY

WQ-36:  Gover by communi ty  types in  Winter  Quarters Canyon (2009).

USDA Forest Service Protocol (1992)

UPLAND VEGETATION

10.00
11 .00

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species
Agrostis stol on ife ra/Ra n u nc u I u s cym b a I a ri a
Agrostis canadensis/Elymus canadensis

18.00
? 4 n

TOTAL COVER (Upland Species)
TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

21.OO
21.50

1 A n

2.00
0.00
0.00
0.00
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

COMPLEX:  Number  WQ-06

WATERBODY NAME:  Win ter  Quar te rs  Canyon Creek  (Unnamed t r ibu tary  eas t  o f  Box  Canyon)

LOCATION:  Wosotch  P lo teou.  Utoh

DATE: August 29 -  September 3,2009

OBSERVER(S) :  P .D.  Co l l ins ,  5 .  V l ie ts t rq

QUAD NAME:  Scof  ie ld ,  U toh

GEOLOGIC PARENT MATERIAL:  B lockhowk Formot ion

STEAM ASPECT:  N

S T R E A M  G R A D I E N T :  1 - 3  o

ELEVATION:  I ,7O9f t

SIZE OF COMPLEX:  (see quant i ta t i ve  da ta)

A D J A C E N T  U P L A N D

Left :  B lue Spruce

VEGETATION ( l ook ing  downs t ream)

V E G E T A T I V E  D E S C R I P T I O N

Right :  B lue  Spruce

(Dominance by  Communi ty  Types)

Community Name % of Complex

(refer Io guanti tat ive doto results for this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

ESTIMATED FORAGE PRODUCTTON:  800  l bs /oc re

BEAVER ACTIV ITY :  No
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PHOTOGRAPH TAKEN:  Yes

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r a z i n g ,  h u n f  i n g ,

recreotion.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o area in  pools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  0

BANK TYPE &  VEGETATION OVERHANG
% bank  l eng th  unde rcu t  (<90o ) :  5O
% bank  l eng th  gen t l y  s l op ing  (>135" ) :  10
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  80  (he rboceous )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  85
% bank  l eng th  unvege ta ted ,  s tab le :  0
% bank  l eng th  vege ta ted ,  uns tab le :  10

% bank  l eng th  unvege ta ted ,  uns tab le :  5
N O T E S :

1)  Good supp ly  o f  wof  e r  th is  yeor
2)The r igh t  bonk  o f  th is  s i te  wos s teep ond mois tu re  f rom the  bonk  moy o lso  in f  luencethe  r ipor ion
vegetot io n.
3 )  The r ipor ion  spec ies  on  the  bonks  were  we l l  de f ined on  le f t  v isuo l l y .
4 )  The r igh t  s toke  wos miss ing  so  we re -s toked i t  us ing  the  2008 meosured t ronsec t  d is tonce (32  f t ) .

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Achillea millefolium Agrostis stolonifera

Delphinium barbeyi Bromus carinatus

Geranium richardsonii

Mimulus guttatus

Osmorhiza obtusa

Ranunculus cymbalaria

Rudbeckia occide ntalis

a -
) l
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DATA SUMMARY

WQ-06: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION Cover (ft)
10 00
10.00

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrosfis stolon ife ra/G e ra n i u m rich ard soni i

Agrostis stolonifera

Ranunculus cymbalaria

TOTAL COVER (Riparian Species)

ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

6.00
2.00
1.00

9.00
0.00
3.00
0.00
0.00
0.00
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PHOTOGRAPH IC DOCUMENTATION
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X :  N u m b e r  W Q - 2 4

WATERBODY NAME:  Win ter  Quor te rs  Conyon Creek  (Unnomed t r ibu tory  eos t  o f  Box  Conyon)

LOCATION:  Wosotch  P lo teou,  Utoh

DATE:  August  29  -  September  3 ,ZOO9

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V l ie rs t ro

Q U A D  N A M E :  S c o f  i e l d ,  U r o h

GEOLOGIC PARENT MATERTAL:  B lockhowk Formot ion

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 , 7 3 7  f  t

S IZE OF COMPLEX:  (see quont i ta t i ve  do to)

ADJACENT UPLAND VEGETATTON ( took ing  downst ream)

Left :  Gross/ Forb (Ruoc) Right:  6ros s/Forb (Ruoc)

VEGETATIVE DESCRIPTION (Dominance by  Communi ty  Types)

Community Name % of Complex

(refer to guontitotive doto results for this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m q x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

ESTIMATED FORAGE PRODUCTTON:  600  l bs /ac re

BEAVER ACTIV ITY :  No
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PHOTOGRAPH TAKEN:  Yes

LAND USE ACTIV IT IES  THAT COULD INFLUENCE R IPARIAN AREA:  M in ing ,  g raz ing ,  hun t i ng ,
recreot io  n.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o area in pools: 50

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  no

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  no
% stream margin wi th rooted aquat ic :  no

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 ' ) :  50
o/o bank length gent ly  s loping (>1350):  0
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  100  (he rboceous )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  85
% bank  l eng th  unvege ta ted ,  s tab le :  5
% bank  l eng th  vege ta ted ,  uns tab le :  15
% bank  l eng th  unvege ta ted ,  uns tab le :  0

N O T E S :

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Achillea millefolium Agroslls stolonifera

Populus tremuloides Geranium richardsonii Elymus canadensis

Mimulus guttatus

Ranunculus cvmbalaria

R ud bec ki a oc cide ntal i s

Senecio serra

4 l
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DATA SUMMARY

WQ-24: Cover by community types in Winter Quarters Ganyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrosfis stoloniferal Elymus canadensls

Agrostis stolonifera

Cover (ft)
10.00
10.00

2.00
2.00

TOTAL COVER (Upland Species)

TOTAL COVER (Riparian Species)

ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

20.00
4.00
1 .00
2.00
0.00
0.00
0.00

TOTAL COVER
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

C O M P L E X :  N u m b e r  W Q - 2 5

WATERBODY NAME:  W in te r  Quor te rs  Conyon  Creek  (Unnomed  t r i bu to ry  eos t  o f  Box  Conyon )

LOCATION:  Woso tch  P lo teou ,  U toh

DATE:  Augus t  29  -  Sep tember  3 ,2OO9

OBSERVER(S) :  P .D .  Co l l i ns ,  5 .  V l i e t s t ro

QUAD NAME:  Sco f  i e l d .  U toh

GEOLOGIC PARENT MATERIAL :  B lockhowk  Fo rmo t i on

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 . 7 8 3  f t

S IZE  OF  COMPLEX:  ( see  guon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATION ( l ook ing  downs t ream)

Left :  Spruce /Fir /  Aspen Righ t :  Sp ru  ce /F i r /  Aspen

V E G E T A T I V E  D E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s )

Communitv Name % of Complex

(refer lo quonti tof ive doto results for this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T I O N :  8 0 0  l b s / a c r e

BEAVER ACTIV ITY :  No
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P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T
recreation.

C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r a z i n g ,  h u n t i n g ,

S P E C I E S  O B S E R V E D :

Trees Shrubs Forbs Grasses (or grasslike)

Abies lasiocarpa Rlbes sp. Geranium richardsonii Agrosfls stolonifera

Picea pungens Osmorhiza obtusa Elymus spicalus

Populus tremuloides Ranunculus cymbalaria

P O O L  A T T R I B U T E S
o/o ?ta? in  pools:  50
o /o  poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% streambed wi th f i lamentous a lgae:  0

% stream margin wi th rooted aquat ic :  Some rooted Rocy

BANK TYPE &  VEGETATION OVERHANG

% bank  l eng th  unde rcu t  (<90o ) :  10

% bank  l eng th  gen t l y  s l op ing  (>135o ) :  3O

% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  100  (he rboceous )

B A N K  C O N D I T I O N

% bank length vegetated,  s table:  90

% bank  l eng th  unvege ta ted ,  s tab le :  10

% bank  l eng th  vege ta ted ,  uns tab le :  0

% bank  l eng th  unvege ta ted ,  uns tab le :  0
N O T E S :

1 )  6ood ,  we l l - de f  i ned  r i ve r  chonne l .

2 )  Bonk  s f  ope  i nc reoses  ob rup t l y  .  The re f  o re  r i po r i on  hob i t o t  on  r i gh t .
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DATA SUMMARY

WO-25: Gover bv communitv futres in Winter orrar{ors Canvnn l2OOQl

UPLAND VEGETATION Cover (ft)
11 .00
9.00

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species
Agrosfls stolon ife ral G era ni u m ri ch ard son i i
Agroslls stolon ife ral Ran u n cul u s cv mba I a ria

TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

td ddl-\2lltl- \2\2ltE r(

6.00
2.50

0.00
0.00

8.50
0.00
0.50
0.00

LITTER
MOSS
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X : N u m b e r  W e - 2 6

WATERBODY NAME:  Win ter  Quor te rs  Conyon Creek  (Unnomed t r ibu tory  eos t  o f  Box  Conyon)

LOCATION:  Wosotch  P lo teou,  Utoh

DATE:  August  29  -  September  3 ,ZOO9

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V l ie ts r ro

Q U A D  N A M E :  S c o f  i e l d .  U t o h

GEOLOGIC PARENT MATERTAL:  B lockhowk Formot ion

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 3  o

ELEVATION:  8 ,804 f t

S IZE OF COMPLEX:  (see guont i to t i ve  do to)

ADJACENT UPLAND VEGETATTON ( took ing  downs t ream)

Lef t :  Bfue Spruce Riqht :  Gross/Forb

VEGETATIVE DESCRTPTTON (Dominance  by  Commun i t y  Types )

Community Name % of Complex

(refer to guontitctive doto results for this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  p R O D U C T T O N :  6 0 0  l 6 s / o c r e

BEAVER ACTIV ITY :  No

48



Page2;  WQ-26
WQ Riparian Study: 2009

P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :
rec reo t ton .

S P E C I E S  O B S E R V E D :

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Aster sp. Agrostis stolonifera

Populus tremuloides Geranium richardsonii Bromus carinatus

Lathyrus lanszweftii EIymus canadensis

Mimulus guttatus Elymus splcafus

Ranunculus cymbalaria

Rud be c ki a oc ci d e nta I i s

Wyethia amplexicaulis

P O O L  A T T R I B U T E S
o/o area in  oools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  0

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  ( . 90o ) :  30
% bank  l eng th  gen t l y  s l op ing  (>135o ) :
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  100  (he rboceous )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  90
% bank  l eng th  unvege ta ted ,  s tab le :  10

% bank length vegetated,  unstable:  0

% bank  l eng th  unvege ta ted ,  uns tab le :  0
N O T E S :
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WQ Riparian Study: 2009

DATA SUMMARY

WQ-26: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agroslls stolon ife ra I R a n u ncu I u s cym bal a ri a
Agroslis stolon ife ral G e ra n iu m ic hard so n i i

7.50

9.00

3.00
2.50

TOTAL COVER (Riparian Species)

ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

5.50
1 .00
1-00
0.00
0.00
0.00

TOTAL COVER 24.Ut)
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

COMPLEX:  Number  WQ-27

WATERBODY NAME:  Win ter  Quor te rs  Canyon Creek  (Unnomed t r ibu tory  eos t  o f  Box  Conyon)

LOCATION:  Wosotch  P lo teou.  Utoh

DATE: August 29 -  September 3,2009

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V l ie rs t ro

Q U A D  N A M E :  S c o f  i e l d .  U t o h

GEOLOGIC PARENT MATERIAL:  B lockhowk Formot ion

STEAM ASPECT:  N

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 . 8 5 8  f  t

S IZE OF COMPLEX:  (see guont i ta t i ve  do to)

ADJACENT UPLAND VEGETATION ( look ing  downst ream)

Left :  Right:

VEGETATIVE DESCRIPTION (Dominance by  Communi ty  Types)

Community Name % of Complex

(refer to guonti tot ive doto results for this informotion)

SUCCESSIONAL STATUS:  C l imox

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T I O N ;  8 0 0  l 6 s / o c r e

BEAVER ACTIV ITY :  No
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WQ Riparian Study: 2009

P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N
rec reo t i o  n .

S P E C I E S  O B S E R V E D :

AREA:  M in ing ,  g raz ing ,  hun t i ng ,

Trees Shrubs Forbs Grasses (or grassl ike)

Picea pungens Achillea millefolium Agrostis stolonifera

Populus tremuloides Geranium richardsonii

Mimulus outtatus

Nasturtium officinale

Ranunculus cymbalaria

R u dbe c ki a occ i de ntal i s

P O O L  A T T R I B U T E S
o/o area in  pools:  35

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  10 (Nostur t ium of  f  ic inole)

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90o ) :  40
o/o bank length gent ly  s loping (>13So):  30
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  50  (he rboceous )

B A N K  C O N D I T I O N
o/o bank length vegetated,  s table:  75
% bank  l eng th  unvege ta ted ,  s tab le :  10
oh bank length vegetated,  unstable:  8
% bank  l eng th  unvege ta ted ,  uns tab le :  Z

N O T E S :

1 )  Good  we l l - de f  i ned  f  l o t  o reo  w i th  Ags t  on  r i gh t  s i de .
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DATA SUMMARY

WQ-27: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrostis stolonifera

A grostis stolon ife ra/Ran u nc u I u s cy mb alari a

TOTAL COVER (Riparian Species)
ROCK (channet)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

Cover (ft)
10.00
9.00

12 .50

2.00

14.50
0.50
2.00
0.00
0.00
0 0 0

ror4! ro\lEE - ?A nn
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

C O M P L E X :  N u m b e r  W Q - 2 8

WATERBODY NAME:  W in te r  Quor te rs  Conyon  Creek  (Unnomed  t r i bu to ry  eas t  o f  Box  Conyon )

LOCATION:  Woso tch  P lo teou .  U toh

DATE: August  29 -  Septem5er 3,2009

OBSERVER(S) :  P .D .  Co l l i ns ,  5 .  V l i e t s t ro

Q U A D  N A M E :  S c o f  i e l d .  U t o h

GEOLOGIC PARENT MATERIAL :  B lockhowk  Fo rmo t i on

STEAM ASPECT:  N

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 , 8 7 9  f  t

S IZE  OF  COMPLEX:  ( see  guon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATION ( l ook ing  downs t ream)

Lef t :  Coni f  er /  Aspen Right :  Coni f  er /  Aspen

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

Communitv Name % of Complex

(refer to guonti tot ive dota results for this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  5 0 0  l 6 s / a c r e

BEAVER ACTIV ITY :  No
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P H O T O G R A P H  T A K E N

L A N D  U S E  A C T I V I T I E S

rec reo t i on .

S P E C I E S  O B S E R V E D :

Yes

T H A T  C O U L D  I N F L U E N C ERIPARIAN AREA:  M in ing ,  g raz ing ,  hun t i ng ,

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Delphinium barbeyi Agrostls stolonifera

Populus tremuloides Geranium richardsonii Avena fatua

Osmorhiza obtusa Carex hoodii

Ranunculus cymbalaria Poa secunda

Thalictrum fendleri

Veratrum californicum

P O O L  A T T R I B U T E S
oh area in pools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  O

% stream margin wi th rooted aquat ic :  0

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
o/o bank length undercut  (<90") :  50

% bank  l eng th  gen t l y  s l op ing  (>135" ) :  50

% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  75  (he rboceous )

B A N K  C O N D I T I O N
o/o bank length vegetated,  s table:  85

% bank  l eng th  unvege ta ted ,  s tab le :  15

% bank  l eng th  vege ta ted ,  uns tab le :  O

% bank  l eng th  unvege ta ted ,  uns tab le :  O
N O T E S :

1 )  6ood  wo te r  f  l ow ,  does  no t  oppeo r  l o  be  dec reos ing  w i th  e leva t i onye t .

57



Page 3; WQ-28
WQ Riparian Study: 2009

DATA SUMMARY

WQ-28: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woodv Species

Dominant Herbaceous Species

Agrosfis stolonife ra/Ran uncul u s cy mbal a ri a

Cover (ft)
13.00
10.00

4.0

ToTAL COVER (Upland Species)
TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

23.OO
4.00
1.00
1.00
0.00

LITTER
MOSS

0.00
0.00
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

C O M P L E X :  N u m b e r  W Q - 2 9

WATERBODY NAME:  W in te r  Quor te rs  Conyon  Creek  (Unnomed  t r i bu to ry  eos t  o f  Box  Conyon )

LOCATION:  Wqso tch  P lo teou ,  U toh

DATE:  Augus t  29  -  Sep tember  3 ,2009

O B S E R V E R ( S ) :  P . D .  C o l l i n s ,  S .  V l i e t s r r o

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

GEOLOGIC PARENT MATERTAL :  B lockhowk  Fo rmo t i on

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 . 9 3 9  f  t

S IZE  OF  COMPLEX:  ( see  guon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATTON ( l ook ing  downs r ream)

Lef t :  Coni f  er /  Aspen Right :  Coni f  er /  Aspen

V E G E T A T I V E  D E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s )

Community Name % of Complex

(refer to guonti tot ive doto results for this infonmotion)

S U C C E S S I O N A L  S T A T U S :  C l i m q x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  6 0 0  l b s / o c r e

BEAVER ACTIV ITY :  No
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P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r a z i n g ,  h u n t i n g ,
rec req t i o  n .

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o area in  pools:  70

%  p o o l  a r e a  m a d e  u p  o f  p o o l s  >  2 ' d e e p :  0

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  0

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
oh bank length undercut  (<90") :  50
% bank  l eng th  gen t l y  s l op ing  (>135o ) :  0
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  85
% bank  l eng th  unvege ta ted ,  s tab le :  15
% bank  l eng th  vege ta ted ,  uns tab le :  O
% bank  l eng th  unvege ta ted ,  uns tab le :  O

N O T E S :

1 )  Mos t  o f  l e f t  bonk  wqs  co l l ed  "up lond "  becouse  the  red top
in f  l uenced  by  s i de  s lope  mo is tu re .
2 )The re  wos  wo te r  f l ow  o t  t h i s  e levo t i on  t oo .

occur r ing  there  seemed to  be  more

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Rlbes sp Osmorhiza obtusa Agrostls stolonifera

Populus tremuloides Rudbeckia occidental i s
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DATA SUMMARY

WQ-29: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrosfls sto I on ife ra/G e ra n i u m ich a rd so n i i
Agrosfis stolonifera

Cover (ft)
12.00
8.00

2.00
4.50

TOTAL COVER (Upland Species)

TOTAL COVER (Riparian Species)

ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

zU.UU
6.50
0.50
1 .00
0.00
0.00
0.00

2R OOTOTAL COVER .. .- ,
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PHOTOGRAPH IC DOCUMENTATION

wQ-2e
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RIPARIAN COMPLEX DATA SHEET
AUGUST 2OO9

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

COMPLEX:  Number  WQ-04

WATERBODY NAME:  Win ter  Quor te rs  Conyon Creek

LOCATION:  Southern  Wosotch  P lo teou,  Utoh ;  Lower  Box  Conyon

DATE: August 29 -  September 3, 2009

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V l ie ts t ro

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

GEOLOGIC PARENT MATERIAL:  B lockhowk Formot ion

STEAM ASPECT:  NE

S T R E A M  G R A D I E N T :  - 2  o

E L E V A T I O N : 8 , 6 6 4  f t

S IZE OF COMPLEX:  (see quont i to t i ve  do to)

ADJACENT UPLAND VEGETATTON ( took ing  downst ream) :

Left :  Aspen/ Mtn. Herblond Right :  B lue  Spruce lMtn .  Herb lond

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

C o m m u n i t y  N a m e % o f  Comp lex

(refer  to  quant i ta t ive data resul ts  for  th is  in format ion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T I O N :

BEAVER ACTIV ITY :  H i s to r i co l  oc t i v i t v

7O0 lbs/acre

o  few hundred fee l  ups t reom.
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P H O T O G R A P H  T A K E N :  Y e s

LAND USE ACTIV IT IES  THAT COULD INFLUENCE R IPARIAN AREA:  M in ing ,  g raz ing ,  hun t i ng ,  r ec rea t i on .

P O O L  A T T R I B U T E S
oh area in pools:  50
% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

A Q U A T I C  V E G E T A T I O N

% streambed wi th f i lamentous a lgae:  0

% stream margin wi th rooted aquat ic :  0

BANK TYPE &  VEGETATION OVERHANG

% bank  l eng th  unde rcu t  (<90 " ) :  10

% bank  l eng th  gen t l y  s l op ing  (>135 ' ) :  20

% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  50  (he rb . )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  90

% bank  l eng th  unvege ta ted ,  s tab le :  10

% bank  l eng th  vege ta ted ,  uns tab le :  0

% bank  l eng th  unvege ta ted ,  uns tab le :  0

N O T E S :

1)Th is  s i te  i s  opprox .  midwoy be tween moin  chonne l  ond upper  Box  Conyon somple  po in t .
2 )  Not  sure  why there 's  more  r ipor ion  w id th  here  compored to  2005.
3)  Le f t  s toke  wos d isp loced.  We re-s toked th is  s ide  us ing  los t  yeors 'meosured t ronsec t  d is tonce (27

f t  ) .

S P E C I E S  O B S E R V E D

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Geranium richardsonii Agrostls stolonifera

Populus tremuloides Lupinus sp. Carex hoodii

Mimulus guttatus Elymus canadensis

Ranunculus cymbalaria

Senecio serra

Urtica dioica

Viouiera multiflora
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DATA SUMMARY

WQ04: Cover by communi ty  types in  Winter  Quarters Ganyon
(2009).
USDA Forest Service Protocol l'1002)

UPLAND VEGETATION

RIPARIAN VEGETATION
Dominant Woody Species

Dominant Herbaceous Species

Agroslls stol on ife ra/G e ran i u m ich ard son i i

9.00
9.00

5.50

l() |  AL COVER (Upland Species)
TOTAL COVER (Riparian Species)
ROCK (channel)
WATER (channel)
BAREGROUND (channel)
LITTER
MOSS

1U.UU
5.50
1 .00
2.50
0.00
0.00
0.00
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PHOTOGRAPH IC DOCU M ENTATION
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RIPARIAN COMPLEX DATA SHEET
AUGUST 2OO9

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

C O M P L E X :  N u m b e r  W Q - 3 4

WATERBODY NAME:  W in te r  Quc r te rs  Conyon  Creek :  uppe r  Box  Conyon

LOCATION:  Sou the rn  Woso tch  P lo teou ,  U toh ;  uppe r  Box  Conyon

DATE:  Augus t  ?9  -  Sep lember  3 ,2009

O B S E R V E R ( S ) :  P . D .  C o l l i n s ,  5 .  V l i e t s t r o

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

G E O L O G I C  P A R E N T  M A T E R I A L :  B l o c k h o w k  F o r m o t i o n

STEAM ASPECT:  ENE

S T R E A M  G R A D I E N T :  2 0

E L E V A T I O N  8 , 7 2 9  f t .

S IZE  OF  COMPLEX:  ( see  quon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATTON ( took ing  downs t ream)

Le f t :  M tn .He rb lond /Con i fe r R igh t :  M tn .  He rb lond /  Con i f  e r

V E G E T A T I V E  D E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s )

C o m m u n i t y  N a m e % o f  Comp lex

(refer  to  quant i ta t ive data resul ts  for  th is  in format ion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

ESTIMATED FORAGE PRODUCTTON:  1000  l bs . / oc re

BEAVER ACTIV ITY :  see  No tes
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WQ Riparian Study: 2009

P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r o z i n g ,  h u n t i n g ,
recreot  ion.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
oh area in oools:  80

%  p o o l  a r e a  m a d e  u p  o f  p o o l s  >  2 ' d e e p :  0

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  0

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 ' ) :  40
o/o bank length gent ly  s loping (>135") :  0
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  90  (he rboceous )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  80
oh bank length unvegetated,  s table:  8
% bank  l eng th  vege ta ted ,  uns tab le :  5
% bank  l eng th  unvege ta ted ,  uns tab le :  7

N O T E S :

1)  Th is  s i te  wos o  new somple  s to t ion  in  2008.

2)  Le f  t  s ide  r ipor ion  communi ty  wos s lough ing ,  perhops  f  rom on imol  use .

Trees Shrubs Forbs Grasses (or grasslike)

Abies lasiocarpa Ribes sp. Geranium richardsonii Aorostls stolonifera

Carex nebrascensis

Elymus canadensis
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DATA SUMMARY

WQ-04:  Cover by communi ty  types in  Winter  Quarters Canyon
{2009).
USDA Forest Service Protocol (1992)

UPLANO VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrosfls stolon ife ra/G e ra n i u m rich ard son i i

10.50
12.00

8.00

roTAL COVER (Upland Species)
TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

22.50
8.00
0.00
2.50
0.00
0.00
0.00
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X :  N u m b e r W Q - 0 3

WATERBODY NAME:  Win ter  Quor te rs  Conyon Creek :  upper  Box  Conyon

LOCATION:  Southern  Wosotch  P lo teou,  Utoh ;  upper  Box  Conyon

D A T E :  A u g u s t  2 9  -  S e p t e m b e r  3 , 2 O O 9

O B S E R V E R ( S ) :  P . D .  C o l l i n s ,  5 .  V l i e t s t r o

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

c E O L O G I C  P A R E N T  M A T E R I A L :  B l o c k h o w k  F o r m o f  i o n

S T E A M  A S P E C T :  E N E

S T R E A M  G R A D I E N T :  2 0

E L E V A T I O N :  8 , 7 2 9  f  t .

S IZE OF COMPLEX:  (see quont i to t i ve  do to)

ADJACENT UPLAND VEGETATION ( look ing  downst ream)

Lef t :  Mtn .  Herb lond R igh t :  Mtn .  Herb lond

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

Community Name % of ComPlex

(refer to quantitative data results for this information)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  f  n c r e o s i n g

ESTIMATED FORAGE PRODUCTION:  1500  l bs . / sc re

BEAVER ACTIV ITY :  see  No tes

12
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PHOTOGRAPH TAKEN:  yes

LAND USE ACTIVITIES THAT COULD INFLUENCE
graz ing,  hunt ing,  ?ec?est ion.

SPECIES OBSERVED:

RIPARIAN AREA:  Min ing,

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Achillea millefolium Aorostls stolonifera

Populus tremuloides Helianthella uniflora Carex nebrascensis

Senecio serra Carex hoodii

Viguiera multiflora Juncus longistylis

P O O L  A T T R I B U T E S
oh area in oools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  O

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0

7o st ream margin wi th rooted aquat ic ;  50 (much

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 ' ) :  30

% bank  l eng th  gen t l y  s top ing  (> ' 135 " ) :  0

% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  95

B A N K  C O N D I T I O N
oh bank length vegetated,  s table:  95

% bank  l eng th  unvege ta ted ,  s tab le :  5

% bank  l eng th  vege ta ted ,  uns tab le :  0

% bank  l eng th  unvege ta ted ,  uns tab le :  0

o f  t he  s t reom hod  roo ted  vege to t i on )

N O T E S :

1)  Th is  s i te  wos opprox .400 f t  ups t reom f rm o  very  o ld  beover  dom.
2)There  wos very  l i t t le  woter  o t  the  s i te  -  obout  72  incheswide.
3)  Th is  s i te 's  e lev .  moy be  too  h igh  to  o lwoys  observe  woter .  Th is  oppeors  to  be  o  fo i r  woter  yeor ;
there  moy be  no  woter  here  in  lower  p rec .  yeors .
4) The odjocent oreas were open oreos (Mtn. Herblonds)

I J
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DATA SUMMARY

WQ-03:  Cover by communi ty  types in  Winter  Quarters Canyon
{200s) .
USDA Forest Service Protocol (1992)

UPLAND VEGETATION

19.00

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Agrostls stolonifera 11.50

TOTAL COVER (Upland Species) 19.00

TOTAL COVER (Riparian Species)

ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS 0 00

1 1 . 5 0
0.00
0.50
0.00
0.00
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PHOTOGRAPHIC DOCUMENTATION
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RIPARIAN COMPLEX DATA
AUGUST 2OO9

SHEET

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

C O M P L E X :  N u m b e r  W Q - 3 3

WATERBODY NAME:  W in te r  Quor te rs  Conyon  Creek

LOCATION:  Sou the rn  Wosq tch  P lq teou ,  U toh

D A T E :  A u g u s t  2 9  -  S e p t e m b e r  3 , 2 O O 9

O B S E R V E R ( S ) :  P . D .  C o l l i n s ,  S .  V l i e t s t r o

Q U A D  N A M E :  S c o f  i e l d .  U t o h

G E O L O G I C  P A R E N T  M A T E R I A L :  B l o c k h o w k  F o r m o t i o n

S T E A M  A S P E C T :  N

S T R E A M  G R A D I E N T :  1 - 2  o

ELEVATION. .  8769  fT

S IZE  OF  COMPLEX:  ( see  quon t i t o t i ve  dc to )

ADJACENT UPLAND VEGETATION ( took ing  downs t ream)

Le f t :  M tn  Gross land /Con i f  e r  R igh t :  M tn  Grsss land /Con i f  e r

V E G E T A T I V E  D E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s ) :

C o m m u n i t y  N a m e % o f  Comp lex

(refer  to  quant i ta t ive data resul ts  for  th is  in format ion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  5 0 0  l b s . / a c

BEAVER ACTIV ITY :  Seve ra l  beove r  ponds  l oco ted  be low  th i s  s i t e .
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P H O T O G R A P H  T A K E N

L A N D  U S E  A C T I V I T I E S

recreot  io  n.

Yes

T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :M in ing ,  g raz ing ,  hunt ing ,

S P E C I E S  O B S E R V E D :

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Sy m p h ori ca rpos oreophi I u s Achillea millefolium Aorostis stolonifera

Populus tremuloides Lupinus sp. Elvmus canadensis

Sambucus caerulea Rudbecki a occidentalis

Taraxacum officinale

P O O L  A T T R I B U T E S
o/o area in  pools:  100

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
7o st ream margin wi th rooted aquat ic :  0

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90o ) '  30
% bank  l eng th  gen t l y  s top ing  (>135" ) :  20
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  20  (he rboceous )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  75

% bank  l eng th  unvege ta ted ,  s tab le :  20

% bank  l eng th  vege ta ted ,  uns tab le :  3
o/o bank length unvegetated,  unstable:  2

N O T E S :

1 ) T h i s  i s  o  n e w  s o m p l e  l o c o t i o n  f o r  2 0 0 8 .
2)  There  wos lo ts  o f  \eaver  in f  luence be low th is  s i te .
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DATA SUMMARY

WQ- 33:  Gover by communi ty  types in  Winter  Quarters Canyon
(2009).
USDA Forest Service Protocol (1992)

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species
Agrostis stolonifera

14.00
10 00

2.50
Carex nebrascensis 2.0O

TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER O.OO
MOSS 0.00

l l l  rAL uovhR 33.00

4.50
0 0 0
4.50
0.00
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PHOTOGRAPH IC DOCUMENTATION
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RIPARIAN COMPLEX
2009

DATA SHEET

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X :  N u m b e r  W Q - 3 0

WATERBODY NAME:  Win ter  Quor te rs  Conyon Creek  (Box  Conyon)

LOCATION:  Wosotch  P lo teou,  Utoh

D A T E :  A u g u s t  2 9  -  S e p t e m b e r  3 , 2 0 0 9

O B S E R V E R ( S ) :  P . D .  C o l l i n s ,  5 .  V l i e t s t r o

Q U A D  N A M E :  S c o f  i e l d .  U t o h

G E O L O G I C  P A R E N T  M A T E R I A L :  B l o c k h o w k  F o r m o t i o n

S T E A M  A S P E C T :  E N E

STREAM GRADIENT:  1 -3  o

E L E V A T I O N :  8 , 8 5 6  f  t

S IZE OF COMPLEX:  (see quont i to t i ve  do to)

A D J A C E N T  U P L A N D  V E G E T A T I O N  ( l o o k i n g  d o w n s t r e a m )

Le f t :  Aspen /  Con i f  e r R igh t :  Con i f e r

V E G E T A T I V E  D E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s )

C o m m u n i t y  N a m e % o f  Comp lex

( re f  e r  to  guont i to t i ve  do to  resu l ts  fo r  th is  in fo rmot ion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T I O N :  1 0 0 0  l b s / o c r e

BEAVER ACTIV ITY :  No
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P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r o z i n g ,  h u n t i n g ,

rec reot ion.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o area in  oools:  70

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

AQUATIC  VEGETATION

% s t reambed  w i th  f i l amen tous  a lgae :  0
7o st ream margin wi th rooted aquat ic :  0

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 " ) '  60
% bank  l eng th  gen t l y  s l op ing  (>1350 ) :  10

% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  95 (sh rubs  &  he rbs )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  80
% bank  l eng th  unvege ta ted ,  s tab le :  20
oh bank length vegetated,  unstable:  0

% bank  l eng th  unvege ta ted ,  uns tab le :  0

N O T E S :

Trees Shrubs Forbs Grasses (or grassl ike)

Picea pungens Rlbes sp. Geranium richardsonii Agrostis stolonifera

Populus tremuloides Helianthella uniflora Carex hoodii

Lathyrus lanszweftii Elymus canadensis

Ranunculus cvmbalaria

Urtica dioica
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DATA SUMMARY

WQ-30 Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

EIymu s canade nsis/U riica dioica
Agrostis stolo n ife ra/Ge ra n i u m ri ch a rd soni i

Cover (ft)
10.00
6.00

3.00
5.50

TOTAL COVER (Upland Species)
TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

16.00
8.50
0 0 0
250
1 .00
0.00
0 0 0

I O I A I  C O V E R  2 8 . 0 0

82



Page 4; WO-30
WQ Riparian Study: 2009

PHOTOGRAPH IC DOCUMENTATION



RIPARIAN COMPLEX DATA STIEET
2009

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X :  N u m b e r  W Q - 3 1

WATERBODY NAME:  Win ter  euor te rs  Conyon Creek  (Box  Conyon)

LOCATION:  Wosotch  P lo teou,  Utoh

D A T E :  A u g u s t  2 9  -  S e p t e m b e r  3 , Z O O 9

OBSERVER(S) :  P .D.  Co l l ins ,  S .  V l ie ts t ro

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

cEOLOGIC PARENT MATERTAL:  B lockhowk Formot ion

S T E A M  A S P E C T :  E N E

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 , 8 6 8  f t

S IZE OF COMPLEX:  (see guont i to t i ve  do to)

ADJACENT UPLAND VEGETATTON ( took ing  downst ream)

Lef t :  Aspen R igh t :  Con i f  e r

VEGETATIVE DESCRIPTION (Dominance by  Communi ty  Types)

C o m m u n i t y  N a m e % o f  Comp lex

(refer to quanti tat ive data results for this information)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G E  P R O D U C T T O N :  4 0 0  l b s / a c r e

BEAVER ACTIV ITY :  No
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P H O T O G R A P H  T A K E N :  Y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A :  M i n i n g ,  g r a z i n g ,  h u n t i n g ,

rec rea t i on .

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o area in  pools:  50

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :O

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 " ) :  100

% bank  l eng th  gen t l y  s l op ing  (>135o ) :  0
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :0

B A N K  C O N D I T I O N

% bank length vegetated,  s table:  80
% bank  l eng th  unvege ta ted ,  s tab le :  10

% bank  l eng th  vege ta ted ,  uns tab le :  0
o/o bank length unvegetated,  unstable:  10

N O T E S :

1 ) T h i s w o s o g o o d s o m p l e s i t e b e c o u s e t h e r i p o r i o n o n d u p l o n d  z o n e s w e r e o b v i o u s .
2 )The re  wos  no  omb igu i t y  obou t  who t  wo te r  wqs  i n f  l uenc ing  the  r i po r i on  zone  -  i t  wos  the  s t reom

wote r ,  no t  t he  s i de -s lope  g round  mo is tu re .
3 )  No t  men t i oned  p rev ious  yea rs ,  bu t  t he  l e f t  s l ope  oppea red  uns tob le .

Trees Shrubs Forbs Grasses (or grassl ike)

Abies lasiocarpa Symphoricarpos oreophilu s Arnica cordifolia Agrosfis stolonifera

Picea pungens Eouisetum arvensis Cal a m ag rosti s canadensls

Populus tremuloides Geranium richardsonii Juncus longistylis

Ranunculus cymbalaria

R u d bec k i a occid e ntal i s
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DATA SUMMARY

WQ-31 : Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Carex nebrascensis

Cover (ft)
10.00
9.00

4 0 0

ToTAL COVER (Upland Species)
TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channel)

LITTER

MOSS

19  00
4.00
0.00
2.00
1 0 0
0 0 0
0.00

ll)tat_covER 26.00
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RIPARIAN COMPLEX DATA SHEET
2009

CLIENT:  Conyon  Fue l  Compony ,  Sky l i ne  M ines

C O M P L E X :  N u m b e r  W Q - 3 2

WATERBODY NAME:  W in te r  Quor te rs  Conyon  Creek  (Box  Conyon )

LOCATION:  Woso tch  P lo teou ,  U toh

DATE:  Augus t  29  -  Sep tember  3 ,2OO9

OBSERVER(S) :  P .D .  Co l l i ns ,  5 .  V l i e t s t roz

Q U A D  N A M E :  S c o f  i e l d ,  U t o h

G E O L O G I C  P A R E N T  M A T E R T A L :  B l o c k h o w k  F o r m o t i o n

S T E A M  A S P E C T :  E N E

S T R E A M  G R A D I E N T :  1 - 3  o

E L E V A T I O N :  8 , 8 7 0  f  t

S IZE  OF  COMPLEX:  ( see  guon t i t o t i ve  do to )

ADJACENT UPLAND VEGETATTON ( took ing  downs t ream)

Lef t :  Grass/Forb Right :  Aspen/Coni fer

V E G E T A T I V E  D E S C R I P T I O N  ( D o m i n a n c e  b y  C o m m u n i t y  T y p e s )

Community Name % of Complex

(refer to guonti tot ive doto nesults fon this informotion)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

A P P A R E N T  F O R A G E  T R E N D :  S t o b l e

E S T I M A T E D  F O R A G EP R O D U C T I O N :  1 0 0 0  l b s /  a c r e

BEAVER ACTIV ITY :  No
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P H O T O G R A P H  T A K E N :  Y e s

LAND USE ACTIV IT IES  THAT COULD INFLUENCE R IPARIAN AREA:  M in ing ,  g raz ing ,  hun t i ng ,
rec reot io  n.

S P E C I E S  O B S E R V E D :

P O O L  A T T R I B U T E S
o/o area in pools: 50
oh  poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  0

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
% stream margin wi th rooted aquat ic :  0

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 ' ) :  0
o/o bank length gent ly  s loping (>135") :  0
% bank  l eng th  w i t h  ove rhang ing  vege ta t i on :  100  (he rboceous )

B A N K  C O N D I T I O N

% bank  l eng th  vege ta ted ,  s tab le :  100

% bank  l eng th  unvege ta ted ,  s tab le :  0
% bank  l eng th  vege ta ted ,  uns tab le :  0
% bonk  l eng th  unvege to ted ,  uns tqb le :  0

N O T E S :

1 )  6ood  we l l - de f  i ned  r i po r i on  zone .
2)  Good waler  f low;  f low olso cont inues f rom upper conyo n reaches.
3 )  I t  wos  though t  t ha t  t he  r i po r i on  zone  and  somp l i ng  l oco t i ons  we rewe l l - r ep resen ted  i n  Box  Conyon

so  more  somp l i ng  ups t reom wos  no t  done .

Trees Shrubs Forbs Grasses (or grasslike)

Picea pungens Equisetum arvensls Agroslis stolonifera

Populus tremuloides Geranium richardsonii Elvmus canadensis

Mimulus guttatus

Rudbeckia occidental i s

Viguiera multiflora
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DATA SUMMARY

WQ-32: Cover by community types in Winter Quarters Canyon (2009).

UPLAND VEGETATION

RIPARIAN VEGETATION

Dominant Woody Species

Dominant Herbaceous Species

Carex nebrascensis

Elymus canadensis

Cover (ft)
10.00
10.50

7.00
2.50

TOTAL COVER (Upland Species)
TOTAL COVER (Riparian Species)
'ROCK (channel)

WATER (channel)

BAREGROUND (channet)

LITTER

MOSS

20.50
9.50
0.00
2.00
0.00
0.00
0.00
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RIPARIAN COMPLEX
2009

DATA SHEET

CLIENT:  Conyon Fue l  Compony,  Sky l ine  Mines

C O M P L E X :  N u m b e r  W Q - 0 2

WATERBODY NAME:  Win ter  Quor te rs  Conyon Creek

LOCATION:  Southern  Wosotch  P lo teou,  Utoh ;  Bob 's  Canyon

DATE:  August  29  -  September  3 ,2OO9

OBSERVER(S) :  P .D.  Co l l ins '  S .V l ie ts t ro

QUAD NAME:  Scof  ie ld ,  U toh

cEOLOGIC PARENT MATERIAL:  B lockhowk Formot ion

STEAM ASPECT:  E

S T R E A M  G R A D I E N T :  - 2  o

E L E V A T I O N :  8 . 6 1 9  f t

S IZE OF COMPLEX:  (see quont i to t i ve  do to)

ADJACENT UPLAND VEGETATION ( took ing  downst ream)

Lef t :  Snowberry R igh t :  Sp ruce /F i r

VEGETATIVE DESCRIPT ION (Dominance  by  Commun i t y  Types )

Community Name % of Complex

(refer to quantitative data results for this information)

S U C C E S S I O N A L  S T A T U S :  C l i m o x

APPARENT FORAGE TREND:  f  nc reos ing

ESTIMATED FORAGE PRODUCTTON:  500  l bs . / oc re

BEAVER ACTIV ITY :  no
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P H O T O G R A P H  T A K E N :  y e s

L A N D  U S E  A C T I V I T I E S  T H A T  C O U L D  I N F L U E N C E  R I P A R I A N  A R E A M ining, grazing, hunting, recreation.

S P E C I E S  O B S E R V E D :

Trees Shrubs Forbs Grasses (or grassl ike)

Picea pungens Rosa woodsll Carduus nutans Agroslls stolonifera

Populus tremuloides Eouisetum arvense Bromus japonicus

Geranium richardsonii Carex hoodii

Helianthella uniflora Elymus canadensis

Lupinus argenteus

Rubus idaeus

R ud be c ki a occ i de ntal i s

Uriica dioica

P O O L  A T T R I B U T E S

Yo area in pools:  2O

% poo l  a rea  made  up  o f  poo l s  >  2 ' deep :  O

A Q U A T I C  V E G E T A T I O N

% s t reambed  w i th  f i l amen tous  a lgae :  0
7o st ream margin wi th rooted aquat ic :  O

B A N K  T Y P E  &  V E G E T A T I O N  O V E R H A N G
% bank  l eng th  unde rcu t  (<90 " ) '  5O
% bank  l eng th  gen t l y  s l op ing  (>1350 ) :  20
% bank length wi th overhanging vegetat ion:  10

B A N K  C O N D I T I O N
% bank  l eng th  vege ta ted ,  s tab le :  65
% bank  l eng th  unvege ta ted ,  s tab le :  15
% bank  l eng th  vege ta ted ,  uns tab le :  10
% bank  l eng th  unvege ta ted ,  uns tab le :  1O

N O T E S :

1 )  The  r i gh t  s i de  hod  o  bench  tho t  suppo r ted  some r i po r i on  spec ies ,  bu t  i t  wos  p robob l y  due  to  h i l l s i de
mo is tu re ,  no t  t he  s t reom d i rec t l y .
2 )The  r i po r i on  o reo  meosu red  was  we l l  de f i ned  be low  the  r i gh t  bench  ond  l e f t  h i l l s i de .
3 )  We  f  ound  the  r i gh t  s toke ,  bu t  no t  t he  l e f t .  We  re -s toked  i t  o t  t he  p rev ious  meosu red  l eng th  o f  ( 28
f  r ) .
4)  On  the  l e f  t  s i de  t he re  wos  no t  much  l i v i ng  cove r ;  i t  wos  no t  s tob le  on  tho t  s i de  e i t he r .
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DATA SUMMARY

WQ-02r Gover by communi ty  types in  Winter  Quarters Canyon
(2009).
USDA Forest Service Protocol (1992)

UPLAND VEGETATION

10 00
10.00

RIPARIAN VEGETATION
Dominant Woody Species

Dominant Herbaceous Species
Equisetum arvense

Agrostls stolon ife ra/Eq u i set u m a rve n se

TOTAL COVER (Upland Species)
TOTAL COVER (Riparian Species)
ROCK (channel)

WATER (channel)

BAREGROUND (channet)

LITTER

MOSS

1 .50
200

20.00
3.50
1 . 5

3.00
0.00
0 0 0
0.00
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Introduction

Revegetation techniques have been implemented on the disturbed areas created by construction

of a coal conveyor system at the Skyline Mine in Carbon County, Utah. Based on reviewing a

document called Conveyor Bench Revegetation Plan Information Provided by Soil Conservation

Service (August 19, 1988), the following brief history has been provided.

The coal conveyor system was constructed in the mid-1980s. Cut and fill slopes were created

during this construction. Slope angles varied, but were generally quite steep and range from

5A% b l20Yo. Attempts were initially made with little success to control erosion and sloughing

of these slopes by implementing avariety of revegetation techniques including hydroseeding,

hydromulching and applications ofjute netting for stabilizatron. These techniques provided

varying degrees of success ranging from poor to fair. Therefore, recommendations were made in

1988 by the Soil Conservation Service (SCS), now called the Natural Resources Conservation

Service [NRCS), to test different reclamation treatments (called practices in that document) on a

variety of disturbed areas adjacent to the conveyor.

A letter-report with a summary of these findings was submitted to Canyon Fuel on May 13,2009.

This document, however, reports all findings of quantitatively sampling the vegetation in a

specific areaof the coal conveyor system called Treatment Area No.3. The data should

determine whether or not the existing vegetation has reached the target cover value that was pre-

determined as a revegetation success standard while the conveyor remains in operation.



The location and boundary of Treatment Area No. 3 can be seen in the aforementioned SCS

document. Although several otherpractices were conducted in this area from 1988 through

1991, a progress report in 1992 states that only two practices were to be continued in Treatment

AreaNo. 3; these practices included annual supplemental broadcast seeding and fertilization. It

appears much of the previous evaluations of revegetation success was made from qualitative

rather than quantitative data, and success criteria were unclear. However, one statement in the

SCS document states that a given treatment would be conducted " as needed to reach target

cover of 20%" (page 4). This author (and G. Galecki from the Skyline Mine in an email

conrmunication dated 1 1 May 2009) assumed this value was the standard set for revegetation

success. Quantitative data reported herein have been compared to that value as the measure of

success.

Methods

Methodologies used for this study were performed in accordance with the guidelines provided by

the State of Utah, Division of Oil, Gas and Mining (DOGM) and other appropriate sources. The

field work for the quantitative and qualitative data were recorded within the plant communities in

September 2008.

Ouadrat Placement

Regular points for sampling the vegetation were placed within the boundaries of the Treatment



AreaNo. 3. Once the points were established, quadrat locations for sampling were chosen using

random numbers from the points for the entire length of the treatment area.

Cover estimates were made using ocular methods with meter square quadrats. Species

composition, cover by species, and relative frequencies were also assessed from the quadrats.

Additional information field notes were recorded on the raw data sheets. Plant nomenclature

follows "A Utah Flora" (Welsh et al., 2003).

Sampling adequacy for cover was attempted by using the formula given below.

,MIN= 
tzsz

@i2

where,

nMIN = minimum adequate sample
{ = appropriate confidence t-value
s = standard deviation
x = sample mean
d = desired change from mean

With the values used for "t" and "d"above, the goal was to meet sample adequacy with 80%

confidence within a 10Yo deviation from the true mean.

Colorphotographs of the sample areas were taken atthe time of sampling and have been

submitted with this report.



Results

Results of the quantitative sampling the vegetation indicated the total living cover to be 54.25%

(Table 1-A). The living cover was comprised of 87.3002 grasses, 10.24o/o forbs and2.46Yo

shrubs (Table 1-B). Additionally, the living cover was comprised of "desirable" plant species

with not "weedy" or exotic species in the sample quadrats (Table 2). The most common species

by cover and frequency were smooth brome (Bromus inermis), Western wheatgrass (Elymus

smithii), and Kentucky bluegrass (Poa pratensis); Table 2 lists all plant species found in the

quadrats and includes their cover and relative frequency values. Color photographs showing the

sample areas are shown on Figures I and 2.

Discusslon

If the 20% cover value is used for the revegetation success standard, the 54.25% cover value

found in Treatment Area No. 3 clearly *."",, the revegetation objective. Additionally, the cover

of the revegetated area was comprised of desirable and not weedy plant species.

The pre-determined cover value of 20Yo was most likely thought to be high enough that, when

added to cover by litter and rock, it should adequately control erosion for the life of the conveyor,

or adequate for "interim revegetation". The cover value achieved during this sample period,

however, ffioy even approach a respectable value for "final revegetation" success. Final

revegetation success standards are generally chosen by comparing parameters from adjacent,

undisturbed, native plant communities in the area.



Table 1: Skyline Mine Conveyor fencli R=evegetation Project.
Total cover and standard deviation (2008).

Table 2: Skyline Mine Conveyor Bench Revegetation
Project. Cover, standard deviation and frequency by
species (2008).

Treatment Area No. 3



Figure 1

Figure 2
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lntroduction

James Canyon Creek and Burnout Creek of the Huntington Creek Drainage Basin, Emery
County, Utah, are located in an area subject to subsidence due to coal mining activities. Both
streams have been monitored since the fall, of 2000 to document any changes that may be
associated with subsidence in their watersheds.

This report will cover samples taken up to July 2008. The July 2008 samples represent the tenth
set of benthic invertebrate samples taken at James Canyon Creek and the ninth set that has been
taken at Burnout Creek.

Methods

Quantitative samples were taken with a modified box sampler (Shiozawa 1986) having a capture
net constructed of 253 micron-mesh Nitex screen. Three samples were taken at both James
Canyon Creek and Burnout Creek, as prescribed to Canyon Fuels Corporation by the Utah
Division of Wildlife Resources. The samples were field preserved with ethyl alcohol and were
returned to the laboratory for processing. Samples were sorted in a backlit illuminated pan.
Organisms were identified to the lowest taxonomic unit possible. Small specimens and those of
questionable identity were examined under magnification. After the sample had been sorted with
the unaided eye and visible invertebrates removed, the remaining material was subsampled and
examined under magnification to insure that accurate counts of the early instars were included.
Identification was based on the keys of Merritt and Cummins (2008 ). The mean counts for each
taxon were used to determine the density per square meter. Standing crop was estimated from
wet weights of total invertebrates collected at each station.

The USFS Biotic Condition Index (Winget and Mangum 1919) was calculated with the
community tolerance quotient (CTQa) and the predicted community tolerance quotient (CfQp).
CTQp estimates were based on water chemistry data and physical data applied as prescribed in
Winget (1912) to the Huntington Creek drainage, and both streams had CTQp values of 80.
Diversity was calculated using the Shannon-Weiner index (Pielou 1917). Cluster analysis was
run with NTSYS-pc, using the Bray-Curtis dissimilarity index with the UPGMA clustering
algorithm. Data from all sampling periods (fall, 2000 through spring, 2008) for both Burnout
Creek and James Canyon Creek have been included in the cluster analysis.

Table 1. Sampling station locations

Canyon GPS coordinates Elevation

James N 39o39 .033 '  W 1110  13  .739 ' 8621 fr

Burnout N 390 3g.g2g',W 11 lo l4. l l l f 8613 f t



Results and Discussion

Biological Characterization

Number of Taxa

The Burnout Creek sample site showed a decrease in number of taxa in fall 20A1, while the
spring 2008 samples had an increase in number of taxa. The fall sample for Burnout Creek had
22 sample taxa. ln comparison to the fall 2003 sample, this was a l5o/o decrease in the number
of taxa. The fall 2AA1 sample recorded the lowest number of taxa collected during any previous
fall season, but equaled the number of spring, 2004 taxa. The spring 2008 sample set contained
28 different taxa (Table 2). This was six greater than collected in the spring 2004 sample, a27o/o
increase. The number of taxa in the spring, 2008 series was equal to the long term site average of
28.

The fall 2A07 and spring 2008 Burnout creek samples contained taxa not previously recorded.
Three newly recorded taxa were found in the fall2007 Burnout samples: Coeleopteran families
Dyropidae, Dyticidae and Molluscan family Physidae. Six new taxa were found in spring 2008
Burnout Creek samples: Diptera; Dixa, Ne'oplasta, and Rhabdomastix; Plecoptera; Paraperla and,
Coleoptera; Dytiscidae and Staphylinidae.

The James Canyon Creek samples for the fall2007 and spring 2008 periods decreased in number
of taxa. The September 2007 sample forJames Canyon Creek had26taxa,a4Yo decrease from
the fall, 20A3 sample. The July 2008 James Canyon Creek spring sample contained23 taxa
(Table 2). This was a 2l% decrease from the spring,2004 samples. The low number of taxa
recorded in the spring 2008 sample, is equal to the number of taxa recorded in spring,2003. The
spring 2008 sample had 5 fewer taxa than the long term average of 28. Two new taxa were found
in the fall200l and spring 2008 James Canyon Creek samples; Diptera -Clinocera and
l{eoplasta

Table 2. Number of Taxa collected from Burnout and James Canyon Creeks

Fall
2000

Spring
2001

Fall
2001

Spring
2002

Fall
2002

Spring
2003

Fall
2003

Spring
2004

Fall
2047

Spring
2008

Burnout Creek a a
J J 34 21 3 0 23 26 22 22 28

James Canyon Creek 3 5 3 0 27 24 23 z t 29 26 / . J

Total Densities

Burnout Canyon Creek recorded a large decrease in total density in the 2007 fall samples, but

1



densities increased in the spring 2008 samples. The fall density estimate was13,281 per square
meter, just24Yo of the fall 2003 sample series and about 1000 individuals above the low fall
density collected in the fall of 2000. The spring 2008 density estimate of 26,290 per square meter
was a ll% increase over the spring,20A4 sample series (Table 3). This falls within the expected
range based on the 2000-2004 spring sampling periods. However, the overall density for spring
samples is still higher than the 2008 spring sample. The difference may be influenced by the
reproductive cycles of the dominant organisms in Burnout Creek. Many aquatic insects
reproduce in the summer and high numbers of small, early instar offspring are found in fall
samples. By the next spring many of these have grown? and are easily seen during sorting. High
water in the spring of 2003 delayed sampling until July, a month later than usual. This would
have allowed an additional month of mortality for the invertebrates and emergences may have
also been underway. Both factors would result in decreased densities.

James Canyon Creek densities decreased for both the fall 2007 and spring 2008 sample series. In
fall,2007 the total density was 33,431 per square meter. This was 3Io/o of the fall, 2003 sample
series. The spring 2008 sample series recorded 18,079 organisms per square meter. This was a
18% decrease in density over the spring,2004 sample. The James Canyon Creek faIl,200l total
densities fell closer to densities recorded in the fall of 20A0, a low sample year. The decrease in
density halted the trend of increasing density that occurred from the fall of 2001 until the spring
of 2004.

Table 3. Total invertebrate densities per square meter for Burnout and James Canyon
Creeks

Taxa Specific Densities

ln Burnout Creek, fall 2001 (Table 4), the dominant species were: Diptera: Chironomidae
(6,4741r#), Ephemeroptera: Paraleptophelbia (1,7061m2), andAnnelida: Oligochaeta
(l646lm').These made up 47o/o, 12% and l2Yo of the total density, respectively. The following
taxa occurred in densities greater than 500 per square meter: Chironomidae (larvae) (Diptera),
Parlaleptophlebia (Ephemeroptera), Oligochaeta (Annelida), Heterlimnius (larvae)

Fall
2000

Spring
2001

Fall
2001

Spring
2002

Fall
2002

Spring
2003

Fall
2003

Spring
2004

Fall
2047

Spring
2008

Burnout Creek 12s90 35236 19995 38167 25178 s5995 22513
Error!
Refere
nce
source
not
found.

l  3281 26290

James Canyon Creek 34732 31344 r l t  16 30309 4 0 1  6 l 5 1 4 8 8 1 09060 83719 33431 r 8079



(Coeleoptera), and C iny gmu I a (E phemeroptera).

In spring, 2008 the dominant species for Burnout Creek were (Table 4): Diptera: Chironomidae
(15,3321*';, Ephemeroptera: Cingymula (14441m2), andAnnelida: Oligoch aeta (97AM\. These
made up,58o/o,5oh, and 4oh af the total density, respectively. Within Burnout Creek the



Table
Sprin

4. Summary of invertebrate densities
2008

by taxa for Burnout Creek Fall 2007 and

Ephemeropteru: Baetis

Ephemeroptera: C i nygmul a

Ephemeroptera: D ru ne I I a do dds i

Ephemeroptera: Dru ne I I a gra n di s

Ephemeroptera: Epeorus iron
Ephemeroptera: E p he mere I I a

Ephemeroptera: early in star*
Eph emeroptera: H ept a gen i ct

Ephemeroptera: P a ra I ept op hl e b ia

Ephemerop tera: R h ith ro gen a

Ephemeroptera: Se rra tel I a

Plecoptera: early instar*

Plecoptera: Diorra knowlton i

Plecoptera: Hesperoperla pacifica

Plecoptera: Mal en ka californica

Plecoptera: Megarcys signata

Plecoptera: Skwal la paral lel a

Plecoptera: Sweltza

Plecoptera: Zapada

Trichoptera: pupae

Trichoptera : Am io cenlru s
Trichoptera'. B ra chyc en t ru s ec ho

Trichoptera'. Dicosmoecus

Trichoptera : E cc I is oco s mo ecu s

Trichoptera : Hydropsltche

Trichoptera : L ep idos toma

Trichoptera : L im nep hi Iu s

Trichoptera'. Mic ras ema

Trichoptera : Mosel.vana

Trichoptera'. Neot hremrna a I ic ia

Tri choptera : O I igoph I ebo des

Trichoptera : P I atyc entropus

Tri choptera : Rhy a co p h i I a (larv ae)

Trichoptera : Rhyacophila (pupae)

Coeleoptera: Dryopidae: (adult)

Coeleoptera: Dyticidae (adult)

Coeleoptera: Dyticidae (larvae)

Coleoptera: H et e r I imnius (larvae)

Coleoptera: Heterlimnius (adult)

Coleoptera: Hydrophi I idae

Coleoptera: Optioservus (larvae)

Coleoptera : Opt io ̂ s ervu s (adult)

Coleoptera: Staphylinidae



Diptera: pupae* 30
Diptera: Agabus l 0
Diptera: Antocha (larvae) 40 152 50
Diptera: Antocha (pupae) 20
Diptera: Caloparyphus 20 40 20 4A l 0
Diptera: Ceratopogonidae 20 20 30 2535 394 40
Diptera: Chelifera t21 l 0
Diptera: Chironomidae (l arvae) 39t9 2192'7 2636 2968s r 3080 4192 3343 6474 1533 2
Diptera: Chironomidae (pupae) 485 l 0 l 0 5 l s05 20 828

Diptera: Dicranota 20 l 0 l 0 l 0 20 30
Diptera: Dixa t52

Diptera: Euparyphus 20 l 0 61 20
Diptera: Neoplasta 30

Diptera: Pericoma 1 1 1 l 0
Diptera: Ptychoptera 8 r
Diptera: Rhabdomastix 1 0

Diptera: Simulittm (larvae) 121 30 J Z J B I 212 2192 1 4 1
J Z J 9 1

Diptera: Simul ium (pupae) 30 l 0 20
Diptera: Tipula l 0 30 40 l 0 4A t82 30
Crustacea: Asellus l 0

Crustacea: Cladocera 495 545 3 1 3

Crustacea: Copepoda l 0 303 1525 303 30 a a a
J J J

Crustacea: Ostracoda 4202 5 l 8 l 5656 t5 '76 6454 1 0878 5781 l 0 3 r 3
Arachnida: Hydracarina 20 202 l 0 3 1 3 676 J Z J )./. J 303

Mollusca.' Sphaeriunt 40 364 253 364 929 1 030 40 t l
1 1 4
J J J

Mollusca: Physidae 3 0
Annelida: Oligochaeta 303 899 3s96 636 a  A a

J + J 30 2147 1646 970

Tricladida: Planaridae 626 l 1 1 l 263 424 40 5 l

Collembola 20 20 l 0 788

Nematoda l 0 40

Number of taxa* a a
J J

- A
)L+ L I 30 Z J 26 22 22 28

Totals l  2590 35236 19995 3 8 1 6 7 25178 55995 22513 13281 26290

following taxa occurred in densities greater than 500 per square meter: Cinygmula, Drunella
grandis (Ephemeroptera), early instar Ephemeroptera, Heterlimnius (Coleoptera), Chironomidae
(Diptera), Collembola, and Oligochaeta (Annelida).

In the fall,2007 James Canyon Creek sample series the dominant species were: Diptera:
Chironomidae (larva) (124431m'), early instar Ephemeroptera (46761m'), and Crustacea:
Copepoda (2141lmz). These made up 37o , I4o , and 60/0 of the total density, respectively.
Within James Canyon Creek the following taxa occurred in densities greater than 500 per square
meter: Ephemeroptera: early instar Ephemeroptra, Baetis, Cinygumla; Plecoptera: early instar
Plecoptera: Zapada.' Trichoptera: Early instar Trichoptera; Coeleoptera: Heterlimnius (lawae);
Diptera: Chironomidae (larvae and pupae), Simulium; Crustacea: Copepoda; Arachnid:
Hyracarnia; Annelida: Oligochaeta; and Planaria



In the spring 2008 James Canyon Creek sample series dominant species were (Table 5) ̂
Chironomidae (larva) (1 4A39fu2), Baetis (555 51m2) and Chironomidae (pupae) (404lmz).
These made up77Ya,3%o, and2o/a ofthe total density respectively. Within James Canyon Creek
the following taxa occurred in densities greater than 500 per square meter: Baetis, Chironomidae
early instar Ephemeroptera

Table 5. Summary of invertebrate densities by taxa for James Canyon Creek Fall 2007and
Spring 2008

Ephemeroptera: Baetis

Ephemeroptera: Cinygmula

Ephemeroptera: Drunella

Ephemeroptera: Epeorus iron

Ephemeroptera: Ep hemerel la

Ephemeroptera: early instar

Ephemeroptera: Heptagenia

Paraleptophlebia

Ephemeroptera: Rhit hrogena

Plecoptera: early instar

Plecoptera: Alloperla

Plecoptera : D iu ra lcnowltoni

Plecoptera : H esperop er I a

Plecoptera Isoperla

Plecoptera Malenka

Plecoptera : Megarcys signata

Plecoptera : Parleuctra

Plecoptera; Paraperla

Plecoptera : Skwa lla parallela

Plecoptera Sweltzo

Plecoptera: Zapada

Trichoptera: early instar

Trichoptera Allomvia

Trichoptera'. A miocen tru s

Trichoptera A r c t o p syc he
grandis



Trichoptera B rac hyc entru s
echo

Trichoptera'. D ic o srno ecu s

Trichoptera:
Ecclisocosmoecus

Trichopter a: Hydropsy c h e

Trichoptera: Lep idostom a

Trichoptera : Micras ema

Trichoptera: Moselyana

Trichoptera : O I igop hl e b o des

Trichopter a: P Ia tycentropu s

Trichoptera (Pupa)

Trichopter a: Rhya cop hil a
al((s(larvae

Trichoptera Rhya cophila

Coleoptera : Curcu I ionida e

Coleoptera : H ete rl imn ius

Coleoptera : H et e rl imnius

Coleoptera'. Op t io s ervu s
larvae

Coleoptera : Op t io s ervus

Coleoptera: Staphylinidae

Diptera: Antocha (larvae)

Diptera: Antocha (pupae)

Diptera: Atherix

Diptera: Atrichopogon

Diptera: Caloparyphus

Diptera: Ceratopogonidae

Diptera: Chelifera

Diptera: Chironomidae 23533 2335r

Diptera: Chironomidae

Diptera: Chrysogaster

Diptera: Clinocera

Diptera: Dicranota

Diptera: Dixa

Diptera: Euparyphus

HemerodromiaDiptera:



Diptera: Hemerodromia
pupae

20

Diptera: Limnophila 20 20

Diptera: Neoplasta 8 1 t 0

Diptera: Pericoma 30 1 0 9 1

Diptera: Phoridae l 0

Diptera: Ptychoptera 1 0 l 0

Diptera: Simulium (larvae) 9 I t 0 1 1 1 939 40 8 l 20 r  07 l 5 l

Diptera: Simulium (pupae)

Diptera: Tipula l 0 61 8 1 455 30 1 1I t 20

Diptera: Trichoclinoc€ra l 0

Diptera: Wiedemannia 8 1 9 l 20

Crustacea: Asellus

Crustacea: Cladocera 5 1 343 848

Crustacea: Copepoda l 0 s96 980 909 2141

Crustacea: Ostracoda 434 303

Crustacea: Ostracoda 1778 8s9 323 162 1202 1 0837 6363 7040 434 303

Arachnida: Hydracarina l 0 t 0 r 20 8 1 2A 1343 960 929 970 303

Mollusca: Sphaerium 20 354 1 1 141 3 5 3 5 1040 364 303

Mollusca: Gyraulus 0 l 0 l 0

Annelida: Hirudinea 0 1 0

Annelida: Oligochaeta l 0 l t92 40 394 7 1 20 l 0 2444 1 3 1  3 7 l

Tricladida: Planaridae 828 1343 I 020 3414 1990 1222 212

Collernbola 5 1 20 a ^ a
J L J l 0

Nematoda l 0

Number of taxa* a 1
J I 35 30 27 24 ^ 1

.1- ) 21 29 26 23

Totals 34732 31344 1r716 30309 401 6 l 5 1 4 8 8 I 09060 83119 33431 l 8080



Biomass

The Burnout Canyon Creek fall,2007 sampling site had alarge decrease in biomass compared to
previous biomass values, falling to l2.A4g/ffi2, d 76% decrease in biomass from the fall 2003 and
the lowest biomass recorded for Burnout. The spring, 2008 samples were slightly higher in
biomass than previous spring samples. The 2008 Burnout Creek biomass was a 2o/o increase frorn
the spring,2004 sample (Table 6). This biomass estimate still falls below the overall site
average of 50.62 grams per square meter.

James Canyon Creek, fall2007 samples recorded a decrease in biomass (Tablel). The fall
biomass was similar to the biomass recorded in James Creek in fall of 2002. This drop is a
reversal in the trend of increasing biomass that peaked fall of 2003. The biomass for spring,
2008 was 21.84 grams per square meter, a decrease of 55 o/o from the spring,2004 biomass
estimate. James Creek biomass values have decreased two consecutive spring samplings;
returning to biomass values similar to spring 2001values. Both fall and spring samples were
below the overall site average of 59.16 grams per square meter.

Table 6. Biomass in grams for Burnout Creek, 2000-2008

Burnout Creek

Sample F2000 s2001 F2001 s2002 s2003 F2003 s2004 F2007 s2008

I nla 2.02g 1 . 0 9 g 1.04g r .269 3.30g 0.69g 0.27g 0.80g

2 nla 0.67g 4.479 0.94g 1.29g 2.949 3 . 3 1 g A37g 1 . 1 2 9

3 nla 0.48g 0.78g 1 . 9 3 g 0.82g )  54o- ' - ' D 0.549 0.55g 2.73

Total 3 , 1 7  9 6.34g 3 . 9 1 g 1  1 / C '
" ' " ' b

8.749 4.549 | . 1 9 g 4.65g

per mt glm'
52.Utgt

m2
64.03
glm'

39.49
glm2

34.04
' 2g/m

88.2',1
, 2g/m

45.81
, 2g/m

12.04
glm'

46.97
, 2g/m

Communitv Tolerance Ouotient and Biotic Condition Indices

The community tolerance quotient (CTQa) was generated using the values for individual
invertebratetaxa (see Appendix C) assigned in Winget and Mangum (1979). Under this measure
lower values represent higher habitat qualities. Generally CTQa values less than 65 represent
high quality waters, while those between 65 and 80 represent situations with moderate to high
quality water (Winget and Mangum 1979). The CTQa values greater than 80 represent low water
quality or stressed systems.

l 0



James Canyon Creek

Sample F2000 s200t F2001 s2002 F2402 s2003 F2003 s2004 F2007 s2008

I nla I  . l 6 9 0.869 t . 2 7 g 1 . 0 3 g 1.70g 4.909 0.479 1 . 9 7 g 0.91g

2 nla 0.72g 0.63g 2.89g 2.87g 3.21g 4.99g 1.53g 2.29g 4.72g

3 nla 0.629 0.84g L50g 0.55g 2.289 5 . 4 1 g 1 . 3 3 g 0.24g 0.53g

Total 2 .549 2.339 5.669 4.45g 7.r9g l 5 . 3 0 g 3.33g 4.50g 2.169

per m2 glm' 25.25
gl^'

25.53
gl*'

57.1' l
glm?

44.95
glm?

72.62
, 2g/m

154.53
glm'

34.47
gl^'

45.45
gl^'

21.84
glrn'

Table 7. Biomass in grams for James Canyon Creek, 2000-2008

The CTQa value for fall 2A07 Burnout Creek was 84.3, twenty points higher than the fall, 2003
sample. The CTQa value for Burnout Creek in the spring of 2008 wasJ7.l, less than a point
greater than the spring,2004 sample (Table 8). The average CTQa for Burnout was 66.3, which
puts the current fall and spring CTQa value 21.2 and I I points above the average, respectively.
The fall 2001 CTQa for Burnout Creek indicates low water quality or a stressed system. The
spring, 2008 value classifies Burnout Creek as having moderate water quality.

The CTQa values for James Canyon Creek, faII,200l, and spring, 2008, both decreased from the
previous sample group. The fall, 2007, CTQa value was 59.9, decreasing from fall,2003 by 5.3
points. Spring of 2008 James Creek CTQa value was 63.1 which is 11.7 points lower than the
spring, 2004 sample. The average CTQa value for James Creek was 66.2. The current spring and
fall sample site recorded a decrease of 6.3 and 3.1 respectively from the previous average overall
CTQa. This value classifies James Canyon Creek as having moderate water quality.

The BCI allows a comparison of a stream to a physical parameter-based estimate of water
quality, the CTQp. The Huntington drainage has a CTQp rated at an 80, the BCI : 100 X
CTQp/CTQa: 100 X 80/CTQa. Since both streams were rated with the same CTQp value, the
BCI will give results parallel with the CTQa. The BCI values for Burnout fall2007 and spring
2008 were 94.9 and 103.8 respectively. These most recent BCI values for the Burnout Creek
sample site are lower than the site average of 122.3 (Table 8). The BCI values for James Canyon
fall2007 and spring 2008 were 133.6 and 126.8 respectively, which is above the site average of
l t 7  . 1 .

According to the CTQa and BCI indices, Burnout Creek continues a trend in towards lower
stream quality. James Canyon Creek continued towards improved stream quality, exhibiting a
CTQa of 59.9 in the fall, then raising to 63.1 CTQa in the spring; the lowest spring CTQa for that
sample site. ln general the CTQa has a seasonal periodicity, generally being higher in the spring
(ie. lower water quality), and lower in the fall. However, the Burnout Creek fall 2007 CTQa is
higher than the spring 2008 sample. It appears James Creek is improving its quality based on
BCI and CTQa.
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Table 8. CTQa and BCI values for Burnout and James Canyon Creeks

Diversitv Indices

Diversity indices combine both number of taxa and relative densities into a single measurement.
High diversity index values indicate more taxa and a more even number of individuals per taxon.
Low diversity values generally reflect a depauperate fauna in both species and somewhat in
numbers, although very high densities in just a few taxa will also lower diversity scores.

Burnout Creek diversity index values were 1.806 for fall 20A7 and 1 .729 for spring 2008. Both
spring and fall diversity index values were lower than the Burnout Creek site average of 1.821.
James Canyon Creek, in fall 2007 and spring 2008 diversity index values were 2.17 and 1.068
respectively. The fall sample site was greater than the site average of 1.556, but the spring 2008
value is below this site's average. Both Burnout and James Canyon creeks have diversity levels
that are reasonably good (see reference levels for Eccles Creek in Shiozawa2002) although not
nearly as high as one would expect for a generally unimpacted system. Part of this may be an
artifact associated with the relatively small sample size of three replicates per stream prescribed
for these two locations.

Of the two streams, Burnout Creek has tended to have a higher diversity, especially in the fall.
However fall,2007 Burnout was lower than James Creek. This signal is similar to that seen in
the CTQa and BCI indices (table 8) for Burnout Creek. Yet the seasonal signal is not apparent in
the James Canyon Creek diversity indices. However, in contrast with the CTQa trends, where
Burnout Creek appeared to converge towards the conditions existing in James Canyon Creek, the
diversity indices indicate that Burnout Creek has maintained a more diverse community than
James Canyon. In addition, James Canyon Creek is showing a decline in diversity to levels
similar to those in the springs of 2001 and 2002.
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Fall
2000

Spring
2001

Fall
2001

Spring
2042

Fall
2002

Spring
2003

Fall
2003

Spring
2AA4

Fall
2AA7

Spring
2008

CTQa
/BCI

CTQa
/BCI

CTQa
/BCI

CTQa
/BCI

CTQa
TBCI

CTQa
/BCI

CTQa
IBCI

CTQa
IBCI

CTQa

IBCI

CTQa

/BCT

Burnout Creek 58.3
i l31.2

60.8
1t31.6

60.0
lr33.3

64.1
1124.8

8 0 . 1
t99.9

64.4
I 124.3

76.3
/104.8

84.3

t94,9

7 7 . 1

/ 1 0 3 . 8

James Canyon
Creek

65.6
1121.9

72.0
/ 1  1  I  . l

68.7
lrr6.4

6 6 . 1
112r.0

59.0
t135.9

16.0
/ r  05 .3

65.2
t 1 2 2 3

74.8
t r07 .0

s9.9

1133.6

63.1

t126.8



Table 9. Diversity indices, based on natural logs, for Burnout and James Canyon Creeks

Cluster Analvsis

Cluster analysis (Figure 1) resulted in two main clusters separated at a dissimilarity value of
approximately 0.86. The top cluster (cluster 1) contains two subclusters. One is predominantly
made up of spring samples and the other of fall samples of both Burnout Creek and James
Canyon Creek. The Burnout spring, 2008, sample, occurred in the spring subcluster, grouping
with other samples at approximately 0.39 dissimilarity value. The fall, 2007, Burnout sample
was in the fall subcluster, grouping with other fall samples at approximately 0.69 dissimilarity
value.

However the James Canyon Creek fall,2007 and spring, 2008 samples fell into the second
cluster with a dissimilarity value of approximately 0.86. These two samples comprised the only
members of this cluster and are the most dissimilar samples that have been taken to date. This
high dissimilarity indicates that even if fish predation was a major player in the community
structure, the shift was not back to the conditions prior to the exclusion of fish. Instead the
community composition has gone on towards a different trajectory.

Gonclusions

Both Burnout Creek and James Canyon Creek for this sampling period had fewer taxa than
during the first few years of the study. Total invertebrate densities in both streams declined to
below average for the 2007 and 2008 sampling periods, but were still within the expected range.
However, Burnout Creek spring of 2008 densities were higher than the spring2004 sampling
period. James Canyon Creek had higher than average densities in 2004, but the fall2007 and
spring 2008 sampling period greatly declined. In spring, 2008 Burnout Creek had an increase in
density for seven of its 28 taxonomic categories, while in James Canyon Creek chironomids,
comprising nearly 77% of the sample, continued to be the dominant taxon. Baetis densities
remained in the normal range but Neothremma declined to low levels. Burnout Creek saw a
dramatic decrease in the number of Baetis and ostracoda, but the chironomids increased
significantly.

13

Fall
2000

Spring
2001

Fall
2001

Spring
2402

Fall
2042

Spring
2403

Fall
2043

Spring
2004

Fall
2007

Spring
2008

Bumout Creek 2.032 1 . 4 5 9 2-202 I l l l 1 . 5 5 0 2.3r0 2.080 1 . 8 0 6 | .729

James Canyon Creek 1.246 l  . 5 1 9 2 . 1 1 2 1 . 2 7 9 1.747 1 . 8 5 4 t . 4 5 1 1.241 2 . 1 1 l .068
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Biomass in Burnout Creek was low in the fall of 2007, but was normal in the Spring of 2008. In
contrast James Canyon Creek biomass was noffnal in the fall of 2007 but it was low in the fall of
2008. Burnout Creek had greater CTQa values in the fall of 2A07 than in the spring, 2008
sample period, and showed lower CTQa values than the previous spring and fall samples (fall,
2007; spring, 2A04), indicating a slight decrease in habitat quality. A seasonal signal was not
apparent in the CTQa values from Burnout Creek, which did not follow the previous trend of
being high in the spring and lower in the fall samples. However, James Canyon Creek did not
follow this trend and had lower CTQa values than the previous spring and fall samples,
indicating that, for James Canyon, there was a slight increase in habitat quality.

Cluster analysis identifies a seasonal signal for Burnout Creek. The Burnout Creek spring
samples have a low diversity and are found in the fall subcluster. The fall samples for Burnout
Creek are found in the lower section of cluster one (spring subcluster) and have a higher
diversity value. The Fall 2007 and Spring 2008 James Canyon samples are in a separate cluster
relative to the two subclusters noted above. The cause of this is unclear, but the fall cluster had
high diversity while the Spring 2008 sample diversity was very low, indicating that membership
in this subcluster is not directly driven by diversity.

It appears that the trends seen in the two streams in fal|r20A7 and spring 2008 are driven by
different factors. Bumout Creek in the fall of 2007 had low taxa,low total densities (associated
with low densities of Baetis and ostracods), diversity, and very low biomass. Causes of this
change are not known although the fall 2007 f,rsh monitoring found high densities of small tiger
trout stocked in the stream. No tiger trout were collected above the second waterfall on this
stream, but that does not preclude the stocking of fish above the falls. Such stocking would have
impacted the invertebrate community.

High runoff resulted in over-bankfull discharge in both streams beyond June of 2008, delaying
the spring sampling until well into the summer. The associated scouring could also be a
significant factor in the reduced number of invertebrates in James Canyon Creek, although the
flooding was also monitored in Burnout Creek, which did not show the same decrease in
densities.

James Canyon Creek enters E,lectric Lake through a culvert. After the level of Electric Lake fell
below the outflow end of the culvert in about 2001, a significant portion of the stream discharge
exiting the culvert sank into the exposed sand bed of the lake. This formed a barrier to fish
spawning access to James Canyon Creek and resulted in the loss of the trout population in the
stream (Shiozawa2}AQ. By 2007 several wet years had increased the level of Electric Lake
well above the stream outflow pipe. Spawning cutthroat trout again gained access to James
Canyon Creek and in 2007 successful reproduction of cutthroat trout was noted in the stream
(Shiozawa 2008). The reinvasion and successful reproduction of trout in the stream may have
been a significant driver in the change in taxa and densities recorded in the James Canyon Creek
benthic communitv.
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Appendix A: Sample Data for Burnout Creek Spring 2008

Burnout Creek - Spring 2008 Site I Site 2 Site 3 Mean Density

Ephemeroptera Baetis sp. a
J 2 2 2.33 74.7

Cinygmula 63 1 0 70 41.67 1444.3

Drunella doddsi a
^l 5 6 4.61 t41.4

Drunella grandis 6 22 3 6 21.33 646.4

Early instar Ep hemeropt era 4 35 264 1 0 1 . 0 0 3060.3

Paraleptophlebia 0 2 0 0.67 20.2

Plecoptera E arly instar p lecoptera 0 I
I 5 2.00 60.6

Paraperla frontalis I I 0 0.61 20.2

Zapada 2 0 I 1.00 30.3

Trichoptera Tr[coptera pupae I 0 0 0.33 1 0 . 1

Dicosmoecus 0 0 I
I 0.33 1 0 . 1

Rhyacophila (larvae) 2 6 9 5.67 171 .7

Coeleoptera Dytiscidae 0 2 2 1 . 3 3 40.4

He t e r I im n ir.rs (larvae) 3 1 r6 a a
J J 28.67 868.6

Optioservus (larvae) 0 0 i 0.33 1 0 . 1

Optioservus ladult) 0 0 I 0.33 1 0 . 1

Staphylinidae 2 I
I I 1 . 3 3 40.4

Diptera Caloparyphtts 0 1

I 0 0.33 1 0 .  i

Ceratopogonidae 0 2 2 1 . 3 3 40.4

Chironomidae (larva) 294 649 575 506.00 1 5 3 3 1  . 8

Chironomidae (pupae) 8 34 40 27.33 828.2

Dicranota (Tipulidae) 0 J 0 1.00 30.3

Dixa (Dixidae) 1

I 4 t 0 5.00 1 5 1 . 5

Rhabdomostix 0
.t

0 0.33 1 0 . 1

Neoplasta 0 I 2 1 . 0 0 30.3

Simulium (Simulidae) I I 1 3.00 90.9

Crustacea Ostrqcoda 0 0 3 1 10 .33 3 1 3 . 1

Copepoda I 0 32 1 1 . 0 0 J J J . J

Arachnid H),dracarnia 0 3 0 0 10.00 303

Mollusca Sphaerium sp. 2 30 I I  1 .00 333.3

Annelida Oligochaeta 68 1 5 1 3 32.00 969.6

Misc. Collembola a a
J J 2 43 26.00 787.8

Hemiptera 0 0 2 0.67 20.2

Planaria 0 0 5 1 . 6 7 50.5

Totals 532 876 I 1 9 5 867.61 26290.3



Burnout Creek - Fall 20A7 Site
I

Site
2

Site
3

Mean Density

Ephemeroptera Baetis sp. 2 1 33 r2.000 363.6

Cinygmula sp. 44 ^ 4
i l 5 28.667 868.6

Drunella doddsi 1 0 0 0.333 1 0 . 1

Early instar Ephemeoptera I 0 0.667 20.2

Paraleptophlebia sp. 3 8 5 6 75 56.333 1746.9

Plecoptera Early instar Plecoptera 5 6 5 s.333 1 6 1  . 6

Trichoptera Micrasema bactro 0 0 4 l . 3 3 3 40.4

Rhyacophila (larvae) 2 I 2 r .667 50.5

Coeleoptera Heterlimnias (larvae) 6 28 60 J  I . J J J 949.4

Heterlimnizrs (adult) 1 I 0 0.667 24.2
Dryopidae (adult) 0 0 0.333 1 0 . I

Dyticidae(larvae) 0 0 0.333 1 0 . 1

Diptera C a I o p aryplzzrs (S trati omyideae) I 0 1
J t .333 44.4

Ceratopogonidae J J
a
J r 3.000 393.9

Chirononridae (larvae) 3 5 3 1 6 1 1 2 1 213.661 6474.r

Simulium (Simulidae) 0 0 2 0.661 20.2
Euparyphus I 0 4.66',7 24.2

Crustacea Copepoda 0 2 1.000 30.3

Ostracoda 0 1 0 0.333 l 0 . l

Arachnida Hvdracarina 0 31 t0.667 323.2

Mollusca Sphaerium sp. 0 6 a  a  1 a
Z . J ) J 70.1

Physidae a
J 0 0 1.000 30.3

Annelida Olisochaeta 64 3 t 62 s4.333 1646.3

Misc. Collembola 0 0 0.333 1 0 . 1

Planaridae a
J 0 1.333 40.4

Nematoda 0 4 0 | .333 40.4

Hemiptera 0 0 I 0 .333 1 0 . 1

Totals 555 3 3 7 424 441.333 1 3 2 8 1  . 5



Appendix B. Sample data for James Canyon Creek Fall 2008

James Canyon Creek- Spring 2008 Site
I

Site
2

Site
a
J

Mean Density

Ephemeroptera Baetis sp. 3 l 13 il 1 8 . 3 3 5 5 5 . 5

Cinygmula n 1 8.33 252.5

Dntnella grandis 12 t 6 2 10.00 303

E ar ly ins tar Ep h em er op t era 3 1 32 5 22.67 686.8

Epeorus iron - 7 0 4.67 141.4

Plecoptera Early instor plecoptera 0 0 0.33 1 0 . 1

Poraperla frontalis I 2 1 . 3 3 44.4

Zapada 2 t I | . 3 3 40.4

Trichoptera Dicosmoecus 0 0 0.33 1 0 . 1

Neothremma alicia 5 J I 3 .00 94.9

Rhyacophila (larvae) a
J 3 ^ a a

Z . J  J t0 . l

Coeleoptera Heterlimnlus (larvae) 0 2 4 2.00 6A.6

Diptera Caloparyphus sp 0 0 0.33 1 0 . 1

Chironornidae (larva) 967 146 217 463.33 r4039

Chironomidae (pupae) 6 30 4 t 3.33 404

Clinocera 2 0 0 0.67 20.2

Dixa (Dixidae) 6 0 0 2.00 60.6

Neoplasta 0 0 I 0 .33 1 0 . I

Simulium (Simulidae) 4 0 r .67 50.5

Tipula (Tipulidae) 0 0 2 0.61 20.2

Crustacea Ostracoda 0 0 3 0 r 0.00 303
Arachnid Hydracarnia 3 0 0 0 10.00 303
Mollusca Sphaerium sp. 30 0 0 10.00 303

Annelida Oligochaeta 2 3 2 2 .33 74.1

Misc. Collembola 0 0 0.33 1 0 . 1

Planaria J l l 7 7.00 2r2.1

Totals 1r60 273 357 596.61 1 8079



James Canyon Creek- Fall 2007 Site
I

Site
2

Site
a
J

Mean Density

Ephemeroptera Baetis sp. 1 0 8 5 3 0 53.67 1626.1

Cinygmula 92 21 3 8 50.33 r s25 . l
Drunella doddsi 0 0 0.33 1 0 . 1

Early instar Ephemeroptera 2t0 46 207 1s4.334676.3

Paraleptophlebia 8 I I 3.33 1 0 1

Plecoptera Early instar plecoptera 86 9 0 3r.67 959.5

Hesperoperla pacifica 0 0 0.33 r 0 . l

Paraperla frontalis
1) a

J
^  4 1
/ . . J J 70.1

Zapada i 8 5 t 6 8 69.61 2110.9

Trichoptera Early instar Trichoptera 64 2 0 22.40 666.6

Oligophlebodes 0 I 0 0 . 3 3 1 0 . 1

Neothremma aliciu 8 0 0 2.67 80.8

Rhyacophila (larvae) 2 6 9 5.67 t71 .7

Coeleoptera H e t e r I imniz.l.s (larvae) 44 l 4 n 21.61 656.5

Diptera Ca I op aryp hus (S trat i omy idae) 0 I I 0.67 20.2

Ceratopogonidae 0 2 0 0.67 20.2

Chironornidae (larua) 8 1 0 279 t43 410.67 12443.2

Chironomidae (pupae) - t 4 32 t '7.61 5 3 5 . 3

Dicranota (Tipulidae) 2 2 J 2 . 3 3 70.7

Eup aryp hus (S trat iomlt id a e) 0 I 0 0.33 1 0 . 1

Limnophila 0 2 0 0.67 20.2

Neoplasta 5 L 2.67 80.8

Simulium (Simulidae) 8 1 t 9 6 3s .33 1070.6

Tipula (Tipulidae) 2 5 0 L . J  ) 70.7

Crustacea Ostracoda 3 8 4 I 14.33 434.3

Copepoda 211 i 0 70.61 214t.2

Arachnid Hydracarnia 63 0 a a
J J 32.00 969.6

Annelida Oligochaeta r 0 9 2 t 9 43.33 1 3 1 3

Misc. Collembola 2 0 3 0 10.67 323.2

Hemiptera 0 0 0.33 1 0 . 1

Planaria 50 4 61 40.33 1222.1

Totals 2 tB7 5r3 610 3343r



Appendix C. Tolerance quotients for Burnout and James Canyon Creeks

Bumout and James Canyon Creeks Spring 2004

Taxa

Bumout
Creek

Fall 2007

James Canyon
Creek

Fall2007

Bumout
Creek

Spring 2008

James Canyon
Creek

Spring 2008

Ideal
Stream

Ephemeroptera: Baetidae: Baetis spp. 72 72 72 72 72

Ephemeroptera: Ephemerellidae: Drunella doddsi 4 4 4 4

Ephemeroptera: Ephemerellidae: Drunella
grandis

24 24 24

Ephemeroptera: Ephemerellidae: Ephemerello 48

Ephemeroptera: Ephemerellidae: Sercatella
tibialis

24 24

Ephemeroptera : Heptageni idae: C inygmu I a 21 21 21 21 21

Ephemeroptera: Heptageni idae: Epeorus iron 21 21

Ephemeroptera: Heptageniidae: Heptagenia 48

Ephemeropte ra : Heptageni idae: Rh ithro gena 21

Ephemeroptera : Leptophlebiidae:
Paraleptophlebia

24 24 24 24

Plecoptera: Chloroperlidae: Alloperla 24

Plecoptera: Chloroperlidae: Paraperla frontalis 24 24 24 24

Plecoptera: Chloroperlidae: Sweltza 24

Plecoptera: Leuctridael. Paraleuctra 1 8

Plecoptera: Nemouridae: Malenka californica 3 6

Plecoptera : Nemouri dae: Zap a da l 6 l 6 t 6 1 6

Plecoptera: Perlidae: Hesperoperla pacifica 1 8 1 8

Plecoptera: Perlodidae: Diura knowltoni 24

Plecoptera: Perlodidae: Isoperla 48

Plecoptera: Perlodidae: Megarcys signata 24

Plecoptera: Perlodida e: Shualla parallela l 8

Trichoptera: Brachycentridae: Amiocentrus 24

Trichoptera: Brachycentridae: Brachycentrus 24

Trichoptera: Brachycentridae: Micrasema 24 24

Trichoptera: Hydropsychidae: Arctopsyche
grandis

l 8

Trichoptera: Hydropsychidae: Hydrop.syche 1 0 8

Trichoptera: Lepidostomatidae : Lepidostoma 1 8

Trichoptera: Limnephilidae: Imania (Allomyia) 48



Trichoptera: Limnephilidae: Dicosmoecu,s

Trichoptera: Limnephilidae: Ecclisocosmoecus

Trichoptera: Limnephilidae: Limnephilus

Trichoptera: Limnephilidae: Moselyana

Trichoptera: Lirnnephilidae: Platycentropus

Trichoptera: Rhyacophilidae: Rhyacophila

Trichoptera: Uenoidae Neothremma alicia

Trichoptera: Uenoidae Oligophlebodes

Coleoptera : Curculionidae

Coleoptera: Dryopidae

Coleoptera: Elmidae : Heterlimnius

Coleoptera: Ehnidae : Optioservus

Coleoptera : Hydrophilidae

Coleoptera : Staphylinidae

Diptera: pupae

Diptera: Athericidae Atherix

Diptera : Ceratopogonidae

Diptera: Ceratopogonidae: Atrichopogon

Diptera: Chironomidae

Diptera: Empididae: Chelifera

Diptera: Empididae : Clinocera

Diptera: Empididae : Hemerodromi a

Diptera: Empididae : Neoplasta

Diptera: Empididae : Wiedemannia

Diptera: Muscidae: Litnnophora

Diptera: Phoridae

Diptera: Psychodid ae Pericoma

Diptera : Ptychopteri dae Ptyc hop te r a

Diptera : Sirnuliidae : Simu lium



Diptera: Syphidae : Chrysogaster r08

Diptera : Stratiomyi dae C al op a rvp hus 1 0 8 1 0 8 1 0 8 r08 1 0 8

Diptera : Stratiomyi dae Eup aryp hus 1 0 8 1 0 8 1 0 8

Diptera: Tipulidae: Antocha 24

Diptera: Tipulidae: Dicranota 24 24 24

Diptera: Tipulidae: Limnophila 72 72

36 36 36

Crustacea: Cladocera 1 0 8

Crustacea: Copepoda 108 1 0 8 r 0 8

Crustacea: Isopoda: Asellus r 0 8

Crustacea: Ostracoda 1 0 8 1 0 8 1 0 8 1 0 8 1 0 8

Arachnida: Hydracarina 1 0 8 1 0 8 1 0 8 1 0 8 1 0 8

Mollusca : Planorbida e: G y rar.r lus 1 0 8

Mollusca: Physidae 1 0 8 1 0 8

Moflusca: Sphaeriidae Sphaerium r08 1 0 8

Annelida: Hirudinea r08

Annelida: Olieochaeta 1 0 8 1 0 8 1 0 8 1 0 8 r08

Tricladida: Planariidae 1 0 8 1 0 8 1 0 8 1 0 8 r08

Collembola 1 0 8 108 r08 1 0 8 1 0 8

Nematoda 1 0 8

Total l  855 I  5 5 9 2159 1452 567 1

Number of taxa 22 26 2 8 a a
Z J 8 1

CTQa 84.3 59.9 7 7 . 1 63.1 70.0
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Introduction

The coal underlying both Woods Canyon and Winter Quarters Canyon is scheduled to be mined.
This report gives the results of the second year of monitoring of the benthos of the stream
system. These data will establish baseline conditions against which any impacts due to the
mining and subsequent subsidence can be compared.

Methods

Sample placement was determined by examination of the stream systems on USGS 7.5 minute
quadrangles. Two to three reaches were examined on each stream, with each reach being
defined by the inflow of a side stream and the general distance from the previous reach. The
lowest reaches in the two streams were established on U. S. Forest Service land above the
boundary with private grazing lands. The location of each reach is given in Table 1. Four riffles
were sampled within each reach in the fall of 2002, but this was increased to 8 riffles in the
spring of 2004. Two samples were taken at eachriffle and were bulked together in the field.

Table 1. Sampling station locations

Physical characteristics for each reach were recorded (Table 2,3). These included pH,
conductivity, in micro-Siemens/cm (uS/cm), alkalinity, and hardness. Alkalinity and hardness
were measured with a Hach water chemistry kit. Slope was recorded with an inclinometer,
across a 100 meter length of stream, beginning at the first (starting downstream) riffle. The
stream channel within each reach was characterized by measuring the width, depth, and velocity
of the stream every five meters, beginning with the first riffle. Three depth and velocity
measures were taken at each five meter interval, these being at the center and approximately l0%
of the width from either shore.

Quantitative invertebrate samples were taken with a modified box sampler (Shiozawa 1986)
using a capture net with a net mesh of 253 microns. Samples were taken from each of the three
reaches in Winter Quarters Canyon and the two reaches in Woods Canyon. Samples were
concentrated in the field in sieves with 63 micron mesh, preserved with ethyl alcohol, and were
returned to the laboratory for processing. ln the laboratory the samples were sorted in an
illuminated pan. Organisms were identified to the lowest taxonomic unit possible. Small

1

Canyon Reach GPS coordinates Elevation

Woods Upper N 390 44.340',W 11 ro 13.47L',
uTM4398045 1250480808

2609 m
(8560 f0

Woods Lower N 390 44.A71 '  W 1110 r2 .592 ' . 25sZ m (8374 ft)

Winter Quarters Upper N 390 42.763 ' ,W 1110 13 .9A1 ' . 2s87 m (8a88 ft)

Winter Quarters Middle N 390 42.933' .W 1110 l3  .318 ' , 2s1r m (8a34 ft  )

Winter Quarters Lower N 390 43.126',W 11lo 12.801' 2sr9 m (8265 ft)



specimens and those of questionable identity were further examined under magnification.
Identification was based on the keys of Merritt and Cummins (1996) and Merritt, Cummins, and
Berg (2008). The mean values for each taxon were used to determine the density of
invertebrates per square meter. Standing crop was estimated from wet weights of total
invertebrates collected at the station.

The USFS Biotic Condition Index (Winget and Mangum 1919) was calculated with the
community tolerance quotient (CTQa). The predicted community tolerance quotient (CTQp),
based on water chemistry data provided in Winget (1912) for the Huntington Creek drainage, is
80. Diversity was calculated for each reach using the Shannon-Weiner index (Pielou 1917).
Diversity indices take the number of taxa and their individual densities into account, generating
a single value for each station. The greater the number of species or taxa and generally the more
even the distribution of densities between taxa, the higher the diversity index value.

Cluster analysis was run with NTSYS-pc (Rolf 2000), using the Bray-Curtis dissimilarity index
with the UPGM clustering algorithm. Data from all reaches for the first two sampling periods
(fall 2002 and spring 2003) and fromboth Woods Canyon Creek and Winter Quarters Canyon
Creek were included in the cluster analysis.

Since these samples are to be used to establish pre-mining base-line information, the most
important information for future assessment will be the acfual densities and taxa lists. The
CTQa, diversity indices, and cluster analysis will serve to help understand relative associations
between the two streams, seasonality effects, and within stream trends. As with all field
collected data, annual variations in weather patterns (e.g. drought) will need to be taken into
account in interpreting the data.

Results and Discussion

Physical Characterization

The stream channel slopes also become shallower as the streams proceed down the canyons, a
typical geomorphological profile for stream systems draining mountainous areas (Horton 1945).
Channel depth and width increase downstream, as would be expected with the influx of
additional water from the watershed and mean velocity also increased downstream, despite the
decline in the stream channel slope. The increase in velocity is likely related to the increase in
discharge in the lower reaches of the stream system, the greater mean depth, and the reduced
turbulence associated with the increase in depth.

The chemical characteristics of the streams appear typical for high desert systems draining
exposed sedimentary bedrock. As a general rule, alkalinity, hardness, and conductivity increased
in the downstream reaches as the water in the channel accumulated salts from streams, springs,
and seeps enters the main channel. All three are measures of ions in the water. Alkalinity is



generally a measure of carbonate concentration, while hardness is a measure of divalent cations
(mainly Ca and Mg). In these two streams the total hardness is almost always greater than
alkalinity. The exception in the upper station in Winter Quarters Canyon in July 2008 is likely
due to the high runoff during that spring and early summer. If the ions in the systems were
purely due to carbonates of calcium and magnesium, we would expect alkalinity to equal
hardness. However higher hardness readings for most sampling periods indicates that the
remaining anions in the system are chlorides, sulfates, silicates, or nitrates (Boyd 1990). Given
the origin of the bedrock it is likely that the major anions are sulfates and chlorides. It does
appear that in the spring, the upper reach of Winter Quarters Canyon has a higher portion of its
anions made up of these unmeasured species, even though the total ion loads are about a third of
the fall concentration. This could be associated with a differential mobilization of anions during
the higher discharge associate with the spring runoff. The anomalous 2008 sample suggests a
decrease in divalent cations since the alkalinity stayed within the range of previous years. The
hardness reading could be in error but the conductivity reading also decreased, which indicates
decreased dissolved ions.

The pH shows a general trend of increasing downstream. The pH, while at the high end of the
normal scale for natural waters (about 8.5; Hem I97l) may be partially confounded with time of
day, since our standard sampling protocol starts with sample collection in the upstream reach
first and then we progressively sample the downstream reaches. Such an approach could be
biased by the amount of photosynthetic activity taking place in the stream channel. The upper
reaches of these two stream systems often have greater amounts of sand while the lower reaches
tend to be embedded and often somewhat cemented in by travertine, a calcium carbonate deposit.
The photosynthetic activity of algae, as well as the physical loss of carbon dioxide from the
stream water will cause the precipitation of travertine on the substratum (Hynes 1972). Algae
utilizes bicarbonate for the carbon source in photosynthesis, and in the process increases the pH.
This facilitates the precipitation of calcium carbonate. Photosynthesis takes place during the
day, increasing as the light intensity increases. Thus in the afternoon, photosynthesis would be
maximum and that is the same time that we tend to be sampling the downstream reaches of the
two streams.

Biological Characterization

Number of Taxa

The Upper Woods Canyon sample site for fall2007 recorded a decrease, but an increase in taxa
numbers for the spring 2008. The September 2001 sample for Upper Woods had3l different
taxa. This was a 12% decrease from the previous fall sample. The July 2008 sample recorded 40
taxa, anSo/o increase from the spring2004 sample (Table 4). The Lower Woods Canyon sample
site had 42 taxa in the fall of 20A7, unchanged from the fall 2003 sample series, but the spring
2008 recorded an increase in number of taxa over the spring2AA4 samples. The July 2008
sample recorded 41 taxa, an increase of 5o/o from the previous spring samples (Table 4).

The Upper Winter Quarters Canyon sample site for fall2001 had 39 taxa, an 1 I oh rncrease from



Table 2. Physical Chara cterization of Woods Canyon Creek

I - Upper Site 2 - Lower Site

Table 3. Physical Characterization of Winter Quarters Creek

Date Site Alkalinity
mglL CaCO3
equivalents

Hardness
mglL CaCO3
equivalents

Conductivity
(uSlcm)

slope depth
(cm)

width
(m)

velocity
(r/s)

pH

t0119102 1
2

1 3 6 . 8
l  8 8 . 1

273.6
324.9

415
4s2

4.4"
3 . 5  0

3 . 6
4.333

1.213
t . r 5 7

0.268
0.327

8.30
8.23

6t21t03 I
2

119. l
1 3 6 . 8

222.3
239.4

3 5 1
393

4.0"
3 . 5  0

5.267
6.254

r .645
r .345

0.1  87
0.276

8 . 1 8
8.42

t0 t13t03 I
2

220
260

32A
320

380
440

4 .00

3 . 5  0
2.650
3.66

1.048
1 . 0 3 8

0 .140
0 . 1 1 8

8.63
7.73

6128t04 1
2

720
240

240
240

344
405

4.0"
3 . 5  0

5 . 5 6
4.76

1 . 9 1 9
1 . 5 8 0

0 . r74
0.244

8.52
8.36

9t2st07 I
2

1 6 0
1 6 0

1 8 0
r80

377
446

4.0"
3 . 5  0

7 . 5 3
5.00

1.296
1 . 5 9 1

0 . r 8 1
0 .1  75

8.43
8.40

1t l7 t08 1
2

120
12A

200
244

3 1 3
396

4.0"
3 . 5  0

6.42
8.73

2.304
1.193

0.454
0.493

8.41
8.33

Date Site Alkalinity
mg/L
CaC03
equivalents

Hardness
mglL
CaCO3
equivalents

Conductivity
(uS/cm)

slope depth
(cm)

width
(m)

velocity
(nts)

pH

t0 t r8t02 I
2

|  19.1
1 3 6 . 8
1 3 6 . 8

1  8 8 . 1
273.6
256.5

343
371
390

4.0"
3.0"
2 . 5 0

5 . 8
6.361
6.983

1.028
\ . 2 5 2
2.129

0.1  99
0.240
0.222

8.26
8.34
8.32

6t2UA3 I
2
a
J

5 1  . 3
8 5 . 5
119.7

1 3 6 . 8
1 5 3 . 9
205.2

239
275
352

4.00

3 .00

2 . 5 0

8.633
8.3
11.433

1 . 2 1 5
1.799
2.0'7

0.224
0.333
0.399

8.39
8.60
8.62

l 0/1 5/03 I
2
J

1 4 0
200
1 8 0

240
260
260

280
3 1 0
280

4.0'
3 .00

2 . 5 0

4.817
6.433
5.266

0.978
r .945
1 .680

0 .210
4.275
4.240

8.57
8.55
8 . 5 8

6t30t04 I

2
J

1 6 0
1 8 0
1 8 0

1 6 0
200
240

260
294
353

4.00

3 . 0 0

2 . 5 "

6.066
7.133
8.833

1 . 1 0
| . 4 5
1 . 8 3

0.254
0.348
4345

8.60
8.48
8.52

tat4t07 I
I

z

3

1 4 0
1 4 0
1 4 0

200
200
220

311
363
390

4.0"
3 . 0 0

2 .5"

5.917
7.233
9.600

1.059
1 . 8 5 3
2.r83

0 . r 6 8
0.242
0.2999

8.49
8.54
8.66

7lt9ta8 I
2
J

1 6 0
1 4 0
1 4 0

100
220
200

247
308
3 5 5

4.0"
3 .00

2 . 5 0

8.700
10.47
13.867

1 . 3 9 8
2 . 1 9
2.631

0.4638
0.5086
0.6348

8.43
8 . 5 6
8.68

I - Upper site 2 - Middle site 3 - Lower Site



the fall of 2003. The July 2008 sample recorded 34 taxa, a l9a/o decrease from the spring2004
samples (Table 4). The October 2A07 sample for Middle Winter Quarters recorde d 39 different
taxa, a l5Yo increase from the fall 2003 samples. The June 2004 sample recorded 33 taxa, a 27o/o
decrease from the previous spring samples (Table 4). The Lower Winter Quarters Canyon
sample sites for fall 2A0l recorded 41 different taxa, a llolo increase from the fall 2003 sample.
The 35 taxa in July 2008 was a20a/o decrease from the previous spring2004 samples (Table 4).

Table 4. Number of Taxa collected from Woods and Winter Quarter Canyons

Total Densities

Upper Woods Canyon recorded an increase in total density for both the fall 2A07 sample and the
spring 2008 sample. The September 20A7 recorded 181,813 per square meter. This was a 209%
increase in density per square meter compared to the fall 2003 sample series. July 2008 recorded
59,261 per square meter; this was an increase of 80% per square meter. Lower Woods Canyon
also recorded increases for both the fall 2007 and the spring 2008 samples. The September 2407
samples series recorded 212,152 per square meter, a239oh increase from the previous year's
sample. The June 2008 site recorded 121,756 per square meter, a205o/o increase from last year's
spring sample.

Upper Winter Quarters Canyon recorded increase for both the fall 2001 samples and the spring
2008 samples. In Octob er 20A7 Upper Winter Quarters recorded Ll9,l36 per square meter this
was a 97% increase from the fall 20A3 samples. The July 2008 samples recorded 99,763 per
square meter, a l35o/o increase. Middle Winter Quarters Canyon recorded an increase for both
the fall 2001 samples and spring 2008 samples. The October 2007 samples recorded 217,796 per
square meter, a 338o/o increase in density from the fall 20A3 sample. The July 2008 sample,
however, recorded I07,936 per square meter, a l68oh increase. Lower Winter Quarters Canyon
recorded increases in density for both the fall 2007 and spring 2008 samples. ln October 240J,
Lower Winter Quarters recorded 136,740 invertebrates per square meter, a 1960/o increase from
the 2003 sample. The June 2008 sample for this site recorded 124,781 per square meter, a l26Yo
increase.

Shiozawa 2006 Shiozawa 2006 this report this report

Sampling date October 2003 June 2004 Sept/Oct 2007 July 2008

Upper Woods Canyon 42 . ) l 3 7 40

Lower Woods Canyon 42 3 9 42 4 1

Upper Winter Quarters Canyon 3 5 42 39 34

Middle Winter Quarters Canyon 34 45 3 9 a a
J J

Lower Winter Quarlers Canyon --
i t 44 4 1 35



Table 5. Total invertebrate densities per square meter for Woods and Winter Quarter
Canyons

Taxa Specific Densities

In Upper Woods Canyon, the dominant species for the September 2A0l samples were: Diptera:
Chironomidae (52,2221m2), Ephemeroptera: early instar (25,2511m2), Crustacea: Ostracoda
(25,2511m'),29o/o,14yo, and 14%o of the total population, respectively. For the July 2008
samples, the dominant species were: Ephemeroptera: early instar (23,5511m'), Diptera:
Chironomidae (1 5,l7Jlmz), and Crustacea: Ostracoda (5,0261m2),40o ,25o/o, andS'/o of the total
population, respectively.

In Lower Woods Canyon, the dominant species for fall 2001 were: Diptera: Chironomidae
(l 19,545 l*'), Crustace a: Ostracoda (33,5311m2), and Crus tacea: Copepoda (16,1 461m2), 560 ,
l6oh, andSoh of the total population, respectively. For the July 2008 samples, the dominanttaxa
were: Diptera: Chironomidae (66,8911m2),Ephemeroptera: early instar (18,9791m2), and
Crustacea. Ostracoda (9,3021m'),52oh, 150 , andTo/o of the total population, respectively.

The Woods Canyon sites appear to have a good variety of species within them. The following
were all found in quantities greater than 500/m2: Baetis, Cinygmula, Drunella doddsi,
Paraleptophlebia, Zapada, Rhyacophila (larvae), Heterlimnius (larvae), Ceratopogonidae,
Cheliferia, Chironomidae (larva), Chironomidae (pupae), Clinocera, Dicranota, l,'leoplasta,
Pericoma, Simulium, Copepoda, Ostracoda, Hydracarina, Sphaerium sp., Oligochaeta, Planaria

In Upper Winter Quarters Canyon, the dominant species for October 2007 were. Diptera:
Chironomidae (26,7971m2),Ephemeroptera: early instar (24,4631m2), andCrustacea: Copepoda
(23,9861m'),22o/o2l o/o, and 20o/o of the total population, respectively. For the July 2008
samples, the dominant taxa were: Chironomidae (4+,018 lm'), Ephemeroptera: early instar
(18,5l}lmt), and Ephemeroptera: Baetis (11,2871m21,44'/o, 1906, and l loh ofthe total
population, respectively.

In Middle Winter Quarters Canyon, the dominant species for October 2007 were: Diptera:
Chironomrdae (74,5191m2), Ephemeroptera: early instar (56,6991m2), and Crustace a: Ostracoda
(19,8311m'),34oh,26yo,and9o/o of the total populat ion, respectively. Forthe July 2008 samples,

Shiozawa 2006 Shiozawa 2006 this report this report

Sampling date October 2003 June 2004 Sept/Oct 2007 July 2008

Upper Woods Canyon 58804 32949 1 8 1 8 1 3 59267

Lower Woods Canyon 62655 41852 212752 127756

Upper Winter Quarters Canyon 6047r 42464 1 1 9 1 3 6 99763

Middle Winter Quarlers Canyon 497 13 40272 217796 r41936

Lower Winter Quarters Canyon 46119 54894 136140 t24I8l



the dominant taxa were: Diptera: Chironomidae (41,2951*';, Ephemeroptera: early instar
(36,8641m2), and Ephemeroptera: Baetis (5,6021m'),38o/o,34%:, and 5'/o of the total population,
respectively.

In Lower Winter Quarters Canyon, the dominant species for October 20A7 were: Diptera:
Chironomidae (53,6201m2),Ephemeroptera: early instar (18,1 531m2), and Ephemeroptera:
Cinygmuta (15,A761m2),39o ,l3o , and 11% of the total population, respectively. For the July
2008 samples, the dominant taxa were: Diptera: Chironomidae (62,2061ffi'), Ephemeroptera:
early instar (28,0201m2), and Ephemeroptera: Baetis (2I,0171m2), 50o/o, 23o , and 1 7o/o of the
total population, respectively.

Winter Quarters Canyon Creek also recorded alarge variety of species, each of the following
was found in densities greater then 5AAlm2: Ameletus, Baetis sp., Cinygmula, Drunella doddsi,
Drunella grandis, , Ephemerella, Serratella tibialis, Zapada, Micrasema bactro, Rhyacophila,
Sweltza, Heterlimnius (lawae), Antocha sp. (Tipulidae), Ceratopogonidae, Chelifera,
Chironomidae (larva), Chirnomidae (pupae), Dicranota, Pericoma (Psychodidae), Neoplasta,
Simulium (larttae), Copepoda, Ostracoda, Hydracarnia, Oligochaeta, Planaridae.

Biomass

Despite the decreases in number of taxa, the Upper Woods Canyon September 2007 sample
biomass increased by a% (Table7). The Upper Woods Canyon July 2008 sample saw an
increase in biomass by 15%. The number of taxa in Lower Woods Canyon in September of 2007
increased from October of 2003as did total invertebrate densities, and but the July 2008 taxa list
was considerably lower than the June 2004 taxa estimate. In contrast, the biomass decreased by
54% and 45o/o respectively.

Of the Winter Quarters sites, only the Middle Winter Quarters July 2008 samples showed an
increase in biomass over the 2003-04 samples. The Upper Winter Quarters October 2001 sample
was 66oh less than the fall 2An sample. The Upper Winter Quarters July 2008 sample decreased
by ll%. Middle Winter Quarters October Z}}lsample also decreased by 66%. The Lower
Winter Quarters station showed a decrease of I 8Yo for October 2007sample while the July 2008
sample decreased by 5T%

The Biotic Condition Index

The actual Community Tolerance Quotient (CTQa) was determined from the presence-absence
of taxa (Table 8), and was used to generate the Biotic Condition Index (Table 9) for each station.
These represent an overall average g€nerated from a list provided by Winget and Mangum
(1979) and are based on presence-absence of taxa. Thus a single individual per square meter is
equal in weight to another taxa represented by thousands of individuals in the same area.
Relative abundance is not considered in this index. It can give us a picture of how conditions
have changed over time when compared to previous samples (Table 7) or when adjusted by the
ideal (CTQp) for the stream. This adiusted value is the BCI, or Biotic Conditjon lndex.
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Communitv Tolerance Ouotient and Biotic Condition Indices

The CTQp values are estimated from a combination of gradient, substrate, and water chemistry
in accordance with a key provided by Winget and Mangum (1979). The Biotic Condition lndex
is the ratio of CTQp/CTQa expressed as a percent. This ratio effectively reverses the reading of
the relationships so that instead of low values being indicative of higher quality waters, high BCI
values indicate better water quality. The ideal is a BCI of 100 or higher, meaning that the station
meets or exceeds the predicted level.

Each of the stations recorded both excellent CTQa (<65) and BCI (>85) index values. ln general
fall sampling periods tend to have great BCI and lower CTQa than the spring sampling periods.

For the fall samples, Upper Winter Quarters had the greatest BCI value (137) followed by
Middle Winter Quarters (130), Upper Woods Canyon (125), Lower Woods Canyon (119) and
Lower Winter Quarters (118). With 100 being a good value, we can assume excellent conditions
for these streams. Among the spring samples, Upper Winter Quarters had the greatest BCI value
(134) followed by Upper Winter Quarters (132), Lower Winter quarters (123), Lower Woods
Canyon (l2l), and Middle Winter Quarters (110). The extremely high BCI and relatively low
CTQa indicate that the streams have high quality habitat.

Table 9, CTQa and BCI values for Woods and Winter Quarter Canyons

Shiozawa 2004 Shiozawa 2004 this report this report

Sampling date Oct 2003 June 2004 Sept/Oct 2007 July 2008

CTQa / BCI CTQa / BCI CTQa / BCI CTQa / BCI

Upper Woods Canyon 611r31 681 r17 641125 60t 134

Lower Woods Canyon 60tr34 - a l
t J t 1 1 0 671r19 66t 121

Upper Winter Quarters Canyon 58/1 3 9 671 121 s9tr37 601 132

Middle Winter Quarters Canyon 58/1  39 661 r22 611130 69t tr6

Lower Winter Quarlers Canyon s5t145 61/t33 68/1 I  8 65t123

Average 58t1 3 8 611 r2r 641 126 641 125

Diversitv lndices

Diversity indices combine both number of taxa and relative densities into a single measurement.
High diversity index values indicate more taxa and an even number of individuals per taxon.
Low diversity values generally reflect a depauperate fauna in species and a very skewed
distribution in numbers per taxon. Usually a low diversity community will be dominated by just
a few taxa with other taxa being rare and in low density.

r6



The fall 2007 Upper Woods Canyon sample recorded an index of 2.153, a 5Yo increase from fall
2003. The July 2008 sample however, decreased 16%o from 2.327 to 1.957. The Lower Woods
Canyon September20Al sample diversity index was I .532 a2l% decrease from the fall 2003
sample. The July 2008 sample decreased23% frorn 2.153 (spring 2004) to 1.648.

The Upper Winter Quarters October 2007 sample diversity index was 2.135, a 15% decrease
from the previous year. The July 2008 sample recorded a value of 1.7 t 8, a 30% decrease. The
Middle Winter Quarters October 2A07 sample recorded an index of 1.983 , a l2o/o percent
decrease, The July 2008 sample showed a decreas e of 24o/o over last year's value. Lower
Winter Quarters October 20A7 recorded an index of 2.051 , a 3oh percent decrease. The July
sample decreased to 1.208, a44o/o decrease.

A slight seasonal pattern of higher diversities in the fall occurs with the 2007-08 data sets. This
is despite faII2001 diversity values at most sites being lower than recorded in the fall of 2003.

Table 10. Diversity indices, based on natural logs, for Woods and Winter Quarter Canyons

Shiozawa 2004 Shiozawa 2004 this report this repofl

Sampling date Oct 2003 June 2004 Sept/Oct 2007 July 2008

Upper Woods Canyon 2.04r 2 . 3 2 7 2 . 1 5 3 | .957

Lower Woods Canvon 1 . 9 3 0 2. t53 | .532 1.648

Upper Winter Quarters Canyon 2 . s  1 8 2.447 2.r35 1  . 7 1 8

Middle Winter Quarlers
Canyon

2.2s4 2.240 1 . 9 8 3 1.703

Lower Winter Quarters Canyon 2.125 2.139 2.051 1.208

Cluster Analvsis

The cluster analysis of the data utilizes the Bray-Curtis dissimilarity index (Poole 1974, Krebs
1989) with the unweighted pairs group averaging algorithm (UPGMA) (NTSYS; Rolf 2000).
The analysis (Figure 1) resulted in two principle clusters separatingat a dissimilarity value of 76.
The top cluster, cluster 1 for reference, contained all of the fall2002 sites for both Woods
Canyon.Creek and Winter Quarters Creek as well as the three Winter Quarters Canyon sample
stations from the spring of 2005. The lower cluster, cluster 2, contained all of the 2A03,2004,
2001 and 2008 sites. Within cluster 2, two subclades exist, separating at about" 60% dissimilarity.
The upper one is mostly comprised of fall 2003 and sprin g 2AA4 samples. The second subclade
includes the fall 2004 and the majority of both fall2007 and spring 2008 samples. The sites
show tendencies to be grouped by site and sampling date. These trends are likely reflecting both
seasonal changes in the community structure and annual variations in weather conditions (e.g.
wet years and dry years). As such they are generating a good baseline signal for future studies.

11
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Gonclusions

Several generahzations can be made from these samples. Woods Canyon and Winter Quarters
Canyon samples differed in the trends with their number of taxa. The Woods taxa counts in the
fall were lower than the fall of 2003 while the spring Woods counts were higher than in the
spring of 2004. Winter Quarters showed the opposite trend with the number of taxa increasing in
the fall of 2001 relative to the fall of 2003 and decreasing in the spring of 2008 relative to the
number of taxa in the spring of 2A04.It is not clear why such different trends would be occurring
between the two streams.

Total invertebrate densities in all five stations for both seasons showed an increase over the
2003-2004 samples. Yet the biomass in most stations decreased. This suggests a shift to smaller
taxa, and is reflected in the high increase in the numbers of midges collected. While we did not
quantify aIgae, we did notice a significant increase in algae, especially in the July 2008 sampling
period, but also to a lesser extent in fall, zAffi. These blooms were notable in the open areas
where sunlight was readily reaching the stream bed. This could be one factor shifting the 2007
and 2008 samples into their own subclade in the cluster analysis.

The Biotic Condition Index and Community Tolerance Quotient did not detect any differences
between stations. Diversity indices generally showed a decline in stream quality at the majority
of stations, and this decrease was likely a reflection of the increase in the number of midges in
the samples since high numbers of a few taxa will increase the uneveness of the proportions used
in the computation of the index.

Only the Spring 2008 Upper Winter Quarters station had a large shift in hardness as compared to
previous samples. Yet this site was similar to the other Winter Quarters stations in the decreased
number of taxa and increased total density. It also had the same taxa dominating abundance as in
the other spring 2008 Winter Quarters samples and both biomass and diversity were similar to
the other Winter Quarters stations. Interestingly the only other measure that identified a
significant difference in the Upper Winter Quarters was in the cluster analysis. Cluster analysis
is based on comparisons of individual taxaacross sites so the net effect of community
differences in the less abundant taxa can have in influence. This suggests that the species
composition in the Upper Winter Quarters spring 2008 samples more closely resembled that in
the spring2004 Lower Winter Quarters station. This station, while still having elevated numbers
of midges, also is in a heavily shaded reach with conifers on both sides of the stream channel.
The invertebrate community may not have been as strongly impacted by algal growth as other
sections, and thus remained more closely associated with the spring2A04 samples.

While these samples are still documenting the pre-mining subsidence conditions of the two
streams, interesting variation is being detected. This could be associated with things such as
stream-side grazin9, increased surface runoff, and other environmental factors. What is
developing now is a picture of the background variation in the watersheds upon which the post
subsidence communities can be appraised.

20



Literature Cited

Boyd, C. E. 1990. Water quality in ponds for aquaculture. Birmingham Publishing Co.
Birmingham, AL. 482 pp.

Elliott, J, M. 1977 . Some methods for the statistical analysis of samples of benthic
invertebrates. Freshwater,Biological Association Scientific Publication No.25. Ambleside.

Hem, J. D. 1971. Study and interpretation of the chemical characteristics ofnatural water. U. S.
Geological Survey Water-Supply Paper No. 1473. 363 pp.

Horton, R. E. 1945. Erosional development of streams and their drainage basins: a
hydrophysical approach to quantitative geomorphology. Bulletin of the Geological Society of
America 56:215-370.

Hynes, H. B. N. 1972. The ecology of running waters. University of Toronto Press. Toronto,
Canada. 555 pp.

Merritt, R. W. and K. W. Cummins. (eds.) 1996. An Introduction to the Aquatic Insects of
North America. 3'd Edition. Kendall/Hunt Publishing Co. Dubuque, Iowa. 862 pp.

Merritt, R. W., K. W. Cummins, and M. B. Berg. (eds.) 2008. An Introduction to the Aquatic
Insects of North America. 4'h Edition. Kendall/Hunt Publishing Co. Dubuque, Iowa. I158 pp

Pielou, E. C. 1917. Mathematical Ecology. John Wiley and Sons. NY, NY. 385 pp.

Poole, R. W. 1974. An introduction to quantitative ecology. McGraw-Hill, Inc. 532pp.

Rolf, F. J. 2000. NTSpc: Numerical taxonomy and multivariate analysis system. Version 2.1.
Exeter Software. Setauket, NY.

Resh, V. H. and E. P. McElravy. 1993. Contemporary quantitative approaches to biomonitoring
using benthic macroinvertebrates. In D. M. Rosenberg and V. H. Resh (eds). Freshwater
biomonitoring and benthic macroinvertebrates. Chapman and Hall. NY, NY. pp.l59-194.

Shiozawa, D. K. 1986. The seasonal community structure and drift of microcrustaceans in
Valley Creek, Minnesota. Canadian Journal of Zoolagy 64 1655 -1664.

Winget, R. N. 1972. Aquatic environmental impact study of Huntington Canyon generating
station and Electric lake. Annual Report No. 2. Center for Environmental Studies. Brigham
Young University.

2 I



Winget, R. N. and F. A. Mangum. 1979. Biotic condition index: integratedbiological, physical,
and chemical stream parameters for management. U. S. Forest Service Intermountain Region.
Ogden, UT.

22



r-

N

Fi

c

c

O

=
0)
3

J

E c'l
@
t

o
acl
$
N

\t(o t+

(\
t\

o)
ot

ol

co
c\
a')

(o
lt)
(v) o

o
t o sf 6

F-
o
rf,

t
o)
cxt

rr)
o
(q N

o)
o (\

t -
@

$ ro s N
O N

ro
O)

N O F-

lri rf)
o c\I

Lr)
u) O N N

F- (o o c{ c!

F-
N

e{

o)(o
N (f)

ro
C\

(o
C\| N O

c{
s
c{ F- c{

F-(.,
s
N
C\|

c{
(f)

O
c.) C\| fil v

(-

(-
Fi- )
a

=
ti

@
$

N
s

(o
c! N F* cr)

c

c

O
a

E

o

=
o

l

E

{*
€(o
N

(\l
(\T
@
lJ)

€
i+ t\a

co
o
o
cat

(''
o

o)
to
(t
t

€
o)
@ (9 o

(v)

C\I o GI o

(o
t-
lo q o

rft
(0 o N N o

@

ro
f-
CO $

li()
o)
(-.1
(-1

C)
li

F{

t-i
C)

U)(.)
P

lr
ta
0)

T:
a)
a'1

-1
Fi

{-)

()
d
a1

'J)

X

r-
C)

(o
F-

(o
F-

(o N
v

c! c\,

(o

c!
t - s o

tir
o) (o

N c{ r\r

s
c{

(0
ro

F-
cf)
$ N

@ c{
O

N

f^*

tf)
i\r

@
v
6

@
@

$ $
N (o N (.) (0

c{
@
c\t

X

F

o)
o
m
;n
qJ

q)

E
a)

ul

5
E

o

o

E

l ! l

a

E

:o

:
c)
o
hi
(D

0.)
E
q)

l!

- a
!
c
o

=
o
l

o
hi
q)

o
o
E
o
-c

ur

o

;
E

ht
o

q)

E
o

-o

a)

o)
(E
d

id
c)-o-

0)
E
a)

t

uJ

- a

E
_o

:
0)

6

E
a)
E-

O)
E
q)

-c
o_
ru

t
I

0)

S)
o-
o

o
(L

'-

-f

0)

0)
a
o)-

o_

o)
&

(I)

c

a

id

o_

0-

-o

o=
(tr
i<
C

(E

id
o)
o-

O
TL

E
o
(o

n

ftt
0)

0)
IL

-o

:q)
o
(u
f
c

o-
;
(l)

(l)

II

g
o

(g

$

3
I
Q

hi
c)

q)

o-

N
!

3
a
id

-

N

N

id
!)
o_

c)
(r

-a

c
$

o,

iri
o

-c
o--

F

U'
3
c

-c

-
0)

o
-c
(J

l

o

E

i5
;;
o)
o-
o
-c().E

0)

o
(!

-c

F

o
-c()
a

o

T

ht

E
'tr
F

E
o
o.;
o

J

in

'=
F

E
0)
o

-()
hi

-c'-
F



o
o

o
C)
o,
GI (\

lo

r&} N
o o

C')
i(lt co

o
o)
!| N

rt 6l

t
(v) (\l

rl

@
o
$
lr)
GI

(t'
ct

Irt
(q o) o

lo
ro
(0 (0

t-
(v)(') rl'

rt @

N o) O |r) o
If)
N

(0
I

(o
@

ro
C\ (r)

c{ ro O
f.-

9

O O
9
(o o

c{
s

s (o

F-

$
s
N

F-
$

(\l
(t)

ro

o rr) s CO o

F- lf O N

N
@

c\l c\l @ $

v O co cr)
e!
C\l

$ c!
(r)

:f,
t -

N
F. (f)

c{
o? s

c.)

(f)
O)
N d,

rr)
c{

(r) @

c)
$

o
@

ro
rr)
(t,

o ol (\
o
o
ro

g)
(vt

F
t - (.o ro

$
rl'
N (\l

N
(Y'
(t

ct
o \t (\t

ro (v)

@
ro FI

lo

t
\f
\t

t\
ro
6 I

o O O
o)

o l.\
N
c{

N
I.-
N cD

c!
O

(o

O N N c{

f.-
@
N (0 N o{ @ N

c!
c!

s
f.-

$

(o c{
N
N N c!

f.-

eq N N
co
$

v

.t
c!
N

N
:f,

N
$

Lr)

$ cfJ
(o
<0 o

.g
=
G
G
E
E
E
6
z
6
q)

F

o
0)
q)

d
o

o
-c
o

-

fi

E

:
LJ

(I'

q)

'-
F

.U'

7r
c)

a

(L

;,i

c)
o_
o

-c'-
F

-c

()
(t

-c
(f

id
c)

-c
' i

F

a
o
ro

c

tr
i\t

F

=.
o(u

';i

- a

id
0)

c)
()

=
l

E

a

E()
;
-
(o

o-
o

o

(E

v

.=
c

-E
E
0)
q)
I
;
q)

0)

r l

=
l

E
(E

a='e
E
E
a)
c)

I

id
o)

o

O

o
$-
fi=-
a
l

t
q)
a

.E

d
o

c)

=
l

:'-
0)
a

c)
o_

;

X

Q)

;
o

i5

0)
.E

N

o

iri
q)

=
U

:q)

o)

U

c)
(g

e
_9

0)(o

E
c

.=
_c
O

6()
o

c)
o
o_
f

o(E

F

.=
E

;
(D

i-

(U

c(U

i5
id
0)

o

a
l

-c
o

o

l
t !

id
(I)

. g
o

E

o
E
O)

I

0)

i5

E
o
x
a)

I

d
c)

b

F

I

0)
.+
o

(E

o)

E

(L

d

o

b

E
f

l

E
U)
iri
c)
.g
o

=
F

(I)

i5

(o

=



o
o)
ro

(v)

N
$
t

t-
:l
ro
(Y'

o)
oc)

o€
F
(\l o o)

a
L

v F-

$
ro
N t

@
@ s

F-
tf)
c\|r)

co
f.-

lr)
6
N

ot @
ro
$

{-
N

N

Lr)

c{

(f)

(o
ra)

(o
(f)

L

u

U

F-
@
F\

O)

co

(o

O \r

ro

cf)

c{
.rf
$

N
v

v
cf)

c{
s (o

F-

€(.o
(9
tf)

F

€o
o

*
ro
f,
6l

(o
GI

(o
co(\

o)
o)

o

d)

F*

(o
C\|

N !f, N
o)(o

z

q

0)
tr

L

r-
N

3

rir co\il

v

c! rtr

.J

tr, c{ rir
@
F-
N
tf,

{)

0)

a

U
j
q

O
$ s

$

@
N
-f

N
N N

o)
f.-
co
C\,1

N(o O

co
N

oq)

6
0)
o
a=

a

o
c-
o)()
a
f

()

$-=
(U
(E

I

6'-
-c

(u

E
l

o)
m

o

d
o
f;

(o
0)
o

-c

o
:
iri-:
o
C
c

(g-6

Eq)

o

o_
o
p

o
J

U)
$

F

F

r-

tr
L

L

-E
F*



rc

N
bJ
-l

Lr

c

a

=
o=

J

(\

:t!

(0

o
ct)

€
t

(\
t\
o
F

1\€
(\ $

6l
t s

in

€
o)
o
(vt

ot
N o

(o
6
(o ot (\l o

(\
t GI N (\l @ o

{
(\l
G)

co (o (o
F.- $ o o

F.-

N

N
tr)
F'

(v
c! O o @

@ rO
:f
N

(o
c! c{

co
c{

@

!q

ro
t -

s
@

c\ (f)

F-
ta)
N

N (o
cr, c{

(o
(o

lif

tr)
f.-

@ I C\t o

s
o, N

@
ro
F- e{

o o
GI

N
t ,
rO c\ c!

N
\f f.-

s
N

o) (r, c! c{
s
c.)
(.J

c\, @
(f)

(-'1

t-

*)
(t)

=
L<

t<
C)

()
(-1
(-"!

a)
tr

c

c

o

=
q)

f

:lh

N
6l
\t
N

o)
t
o (t

(\a
N
(v'

@

a"
F e

6
i-

(',
lt)

€
lo
(v)

F

o
l''(\ o (\ o) co o (\l

F
o o (o o rl

o(!t
1.-
o
c.t

@ (o N $
N s

o (o
st

t- N C\t N (o (r)
N
N

(0 F-
N N

t -
O

w
cr) C.,

N
N

@
c{

N

c{
(o rO

co F-
N
$

tr
c.)

(A(.)
L(

c)
T:
C)

(-

(-
Fi

Fi

tJ

c.)

cl
-'1

|r)

"ri
X

-r.()

if,
N
c! s

c{

3
'q

e{
O

(f)

N c{
s s c{

c{ (o
O

N
C\t

N
N

@ F- f.-
@

c!

N s€

x(o
F

a
0)
(g

co
;;
0)

0)
E
o

uJ

$
f
E

- c
O

hi

d
E
o
c

LU

U'

:
o
c
l

o
id
o

o
E
c)

-c

t u

c

.=
o
l

oq)
o_
ul

in
o

o
6
E
o
-c

lu

, c

E

q)

in

o
Eq)
-c

o

E
-c

UJ

d
6
o_
o
c)
E
c)

-c
o_

tIJ

_6
o

0)
(u
(!

id
o

q)
E
0)

-c
o_

uJ

.a

. o
_o

o
o)
o
0)

E
o

(D

E
q)

-c

uJ

(u
o

.C

=
(!
o

ii
c)
E-

0]
I

(tr

E

=
c)

o

a
c)
I

6
o

o-

$

-
:
G

o
J

a)

6
o)
o-
o
q)

o-

-(U
(o
3
f

id
o

o-

N

u

o)
C'

a

0)

o

a
l

6

a

id
q)

o-

o' c

F

a=
c
0)

c0

d
0)
o_

.E
-

0)

E
a

.9
o

0)

o
-c'-
F

X
fi

>
E

o)

o)
r
h;

o
o

-c
' c

F

o
E
o
a

=;

'c

F

:o=
(U
E
E

o

z
in
6
o_

.c'-
t--

=
o-E

Y
E

iri
q)

-c
' c

F

()
o

o=
.P-
in

E
'c

F

.a
a
0
q)

a

L

;ri

c)

E'-
F

:
o
o
ft,
E
tr
hi

-c
' c

F



o o
o)
ro

F

:f

c)
co
s (v,

GI 6a
lo
C.l

:t
lo
N o

c('(0
ro
ro

(o
o

o o d) (\ (\l (\a o N

t
N
ll)
(t
(9

@(0

6l

(v)
(t
av)
GI

ro(\|

C\
rf

cf)
c{

6
s
(f) o

@
$

N

N
F.

O
ro
@

@
F-(o

(r) ro C\t
o)
c!

C\t
s

c!

N @
(r)

co

c! N o c{

sro
F-

(9 @

(o
s

(r) o
(o(.)

O
ro
FT cf)

c{
t

s
c! cf)

C\t
c\j o O O

$ s
c\I (r)

FT N O N FT

r.-

c{ CO
c!

(9 C\

c!
c! cf)

c!
CO

cr)
N
cf) ct) cr)

N
s

cr)
N

c\l
N

q (\l

f-
cr
N
F

co(0 o o
N
(9
o) @ o o

@
o)
rf) {

or
to
GI
$ (o (\l It co (\l o @

N(0 o
€o o

(D
rt
o
lft

.\f
t(o
(v)

c1
(o

ol

GI
o

.{-
F- N

lr)
GJ s

N
s

F-
e{

c!

f.- (o
c! CO

N

c!
F-
:f

cf) $
(f) c{ C\|

c!
cv N

-f, (9 N CO c\

(.) N
(f) O

c!
s

(0
N

f.-
cf)

N N
s

t -

c! (o
c!

.if

N f.-

€ c\,1
c! N N

.(l
C\.1 N O)

. a

.X
E
l

E

h;

o-

o

a)(o
E

-o

o
id
o

o

O

o

o

U).=
E
o)
0)

I

hi
0)
o_
o
o
o
C)

=
l

E

a
f'-
E

I

id
(D

q)

O

a
f

o

E

:E

;
q)

o
o
O

a
l

z
d()
0)
o

q)

(g

a-
o
a

.E

6
o

o
;

=:
(!

l
a
0)
a

.E
o_

;.i

(,
o
0)
o

O

6
G
c

:

.g
o

a
f

E
o_

(u

id
d

i5

0)
o'-

o
(U
()
H

q)

i5

o
o=
o
-c

id
0)

i5

()
(U
-g
o
$
p
E
c

E

d
0)

i5

a)
G
o_
f

0)
o
p
E
c
o

id
0)

i5

a

E

id
o
.+
o

o

c(u

i5
id
(D

i5

(E
.x
o
d
o)

b

a
l

o

l
I.IJ

d
q)

b

o
{u-
(I,

.co
E

A)
E(]
I
id
Q)=
i5

G'

=

E
!

Y()
E
c)=
Q)

i5

E
.?
:f

E
a
id
o)

x
U

=
tr
;,i

a)

b

g

o

id
c)

a
l

o

hi
0)
o
a
l

$
!

G

a

id
q)

(g

6
l

U

'E

I

N'=
E

(E

E
l'r
o

hi
O
o
l



(\
rt'

t
@
o
ol o

@
o,

f.r

a

$
$

o
(o

(o

c{

O
t -
N

c\

F-
f.*
c\t

N

N
N N

F-

N

o)
cf)

F.

(o

(.o
ro(0
CO

(o
o

rr)
N(0

c\l c')
f.r

@

c{

N
N

c!
N cr)

N
f.-

c!

c{

e!

F.

(v)

(o
c{

N

s
C\t

N N (o

a
f=
o

id
a
f

-o

O
N

-c

:
o
iri

a-

0.)
c

'-
:
o

_o
f

F

o

o
E
o
z

a
o

F

oo
C'l

0)

!

a

a

X

C)

O

Z



o'\
c\

c
o

c
$

O
@

t

f

.0
;
o)
3

J

c

c

O

C)

l
(1

. c

=
0)
E-
=

c

c(s

E

=
(1

. c

=
c)

f

.9.
6
Q

dl

6
g
o

6
E
os
o

tlJ

o
l
E
o

7:

id
o

o
o
E
o
c

tu

E

o
c

-N
o
c

o
6
o

o
E
o

c
o

ul

.2
!=
o
o
-a
o
c
l

G

o
q
o

o
E
o

c
q

UJ

c
o

-
o
o
o

U

G

a
a

E
o

E
a

uJ

3
E
o
E
o

o
ul

p
o

o
E
@

5

tu

o

. g

o
o

6
o

o
E
@

!
a

t!

.a
!
o

c
o

E
-q
o

o

+
o

o-o

6
E
o

c
o

riJ

.9

.a
2
s
o

6
o
o
d
0
a
o
E
O

E
o

U

e
.e

N
o

G=
o
o
o

o
o

o
I

6
o
E
o

o

I

6
!
o
o
o

N

d

o-o

o
o-

f,

7
o

c

G

c0

6

o

o-,-
F

l

@

E
o

o
in
o-o

o
E
.9

F

o
E
a

a
o

I

is

o
a
s
O' !

F

o

I
o

G
E
E
o

i
5
o
z
e

o-o

E'-
F

o
!

!
@

!
o
o

in
o

E
o

E
. 9

F

.a
E
o

E

o
o

o

id
o
o
o

!--
F

E
o
o€
N

tI

N

O
E
o
O
o

I

!
o

a

o
9
o
f
q

Y
o

E
o

o
o

G

6

o

ft
o

.E
G
3
U)
in
o
6

o

t--

c\

{-

-!

O
a
k
0)
lr

l-r
C)
-'1

tr

Ft

r+

0)

(-.1
c']
-t

a

r \

X

t-

C)
o
o
z
5

'e

:
o

I

G

o
o

g
o



a

a

a



cq

c

c
a

o=
N
5

a

o
c

=
o
3o

c

c
o

o
q
6=
o

.E=
_9
!
p

c

c
o

o
i
G
f

g

o

c

=
o
o

f

F

o
s

@

6
q)

O
c
o

E
o

tlj

o
l
E
o

-c

6
o

o
E
o
T

Lr.J

E
E

(6

6
E
f

o

N
0
o

o
E
o
c

Lr,J

,9-
c
o
o
G
E
c
f

o
id
o

o
E
o
5
o
u.l

c

.=
l

o
o

|'rt

6
o)

o
E
o
t
o
tll

G

E
O

E
o
!

u )

d
o
a
q)

E
q)

!

tu

6
E
o

o
(L

k;
o

o
tr

o
!
o
o
6

o
o
s
f,
C

6
I

fti
o

o
d

o
6
G
o
o

-o
G
B

a

id
6

o

.6

N
3)

a

d
o
6

I

o
d

6
N=
o
3

a

id
o-o

o
o-

s
D
o
o
$
N

6
o

O
o-

o)
o

:f

F
o

-O

F

E
s
o

O
E
O

a
o

d

o

a

g

.E

t

.G
E
o
(tt
$
o
o:r
d
o
6

o
E
o
!
e
L1l

o
!
'tr
o
o
.X
z
d
o
e

o
E
o
c

U

(!

6
-c

E
G
o

id
o
E

6
E
o
T
o
LU

6

E
o=
o

-a

q)

6

G
o
id
o*o

o
o
E
o
c

lll

.9
6
E
t
o
O
G

o

d
o

o
E
o
5
o
tlj

G
E
O
o-

id
o

o
q)

0-

.ru
c
o
a

o-
6
o
o
o
I
o

e

.E

.>
0
o
6
o

o
d

o

s
o
6
E
c)
o

o
o

o
I
d
o
a
o

o
o-

G
-9
C

6

N

c
o
0

d
o-o-

o
d

(-
t<

oo

C'l

al

(-'1

-{
r \

U)
t<()
!-{

t<()
(<.

L<

+{

()
(-.
Ft

a

-i
X

-1

c.)
@-
c
0)

g

G

(D

0
o
a

E'=
F



{o
5
.g

ir;
o
o
b





ANI ASSESSMENT OF THE
I\4ACROII\nrERTEBRATES

of
Eccles Creek

tn
September 2007 and July 2008



Prepared by

MT. NEBO SCIENTIFIC, INC.
330 East 400 South, Suite 6

Springville, Utah 84663
(801) 489-6e37

by

Dennis K. Shiozawa, Ph.D.
Aaron A. Fordham

fur

CANYON FUEI COMPANY, LLC,
Skyline Mines
HC 35 Box 380

Helper, Utah 84526

March 2010



TABLE OF CONTENTS

INTRODUCTION .....

Number of Taxa
Total Density Comparisons.......
Taxa Specific Densities
Biomass
Biotic Condition Index.. ......n
Comparisons of Community Tolerance Quotient and Biotic Comparison Indices------------.18
Diversity
Cluster Analysis
Correspondence Analysi s

Number of Taxa
Total Density
Individual Densities ....
Biomass

Correspondenc e Analysi s
Conclusions..

24
26
29

32

32
32

34
34

. r a
J J



INTRODUCTION

In August, 2001, an aquifer tapped by Skyline Mine, near Scofield, UT, significantly increased
the discharge of water from the mine into Eccles Creek. The discharge maintained the stream at
approximately bank-full levels. This report summarizes results of monitoring of the benthic
invertebrate community in Eccles Creek through the summer of 2008. It includes summaries of
previous data to maintain the context for comparative purposes and a multivariate analysis of all
available benthic data for Eccles Creek collected through 2008. The samples taken in summer
2008, represent the ninth series taken from the stream following the increased discharge. This
project was undertaken for Canyon Fuel Company with the objective of determining the impact
of the increased flows on the stream community.

METHODS

Quantitative samples were taken from Eccles Creek in September 2A07 and July 2008. The three
stations sampled were Eccles Creek above South Fork (EC2: N 39u 40.9J0', W 1l IlI.579',
8,406 feet elevation), Eccles Creek at Whisky Canyon (EC-4: N 390 40.908', W I ll.l}.74l',
8 ,234  fee te leva t ion ) ,andLowerEcc lesCreek(EC-5 :N39u41 .001 ' ,W 111 .10 .031 ' ,8 ,074 fee t
elevation). These three stations have been sampled intermittently since 1979 (Shiozawa 2003).
The samples were taken from the same locations sampled in July and October,2A02; June and
October, 20A3; and October and June 2004. Five replicate samples were taken per station. All
samples were taken from locations in the stream where rubble or cobble substrates were present.
A box sampler with a net mesh of 250 microns was used to collect the samples. The substrate
was stirred to a depth of approximately 5 cm whenever possible. In some cases, the streambed
could only be brushed. All rocks within the area of the sampler were removed and individually
washed to insure quantitative collection of the invertebrates. The samples were concentrated on
a screen with a mesh of 64 microns and field preserved in ethyl alcohol. A GPS unit was used to
locate the sample stations.

In the laboratory, the samples were sorted in illuminated pans. All invertebrates were removed
and identified to the lowest possible taxonomic level using the keys of Merritt and Cummins
(1996) and Merritt et al. (2008). The visually sorted samples were then subsampled by
suspending the residual sample in a volume of 200 ml of water. Five 2ml subsamples were
removed and processed under magnification with a dissecting scope. The mean density per
subsample was used to project the total density of organisms remaining in the sample. These
projections were added to the total count from the visual sorting. The data were then used to
determine the density of taxa per square meter. Mean biomass estimates, based on wet weights
of invertebrates, were also generated so that trends in standing crop could be documented.

Analyses included comparisons of the number of taxa and mean densities in the July 2008 ,
samples with those generated from samples taken September 2007; October, 2004 (Shiozawa
2007); June 2004 (Shiozawa and Kauwe 2006); October, 2003; June 2003; October,2002;
November,Z}}l (Shiozawa 2002a); and July, 2A02 (Shiozawa2}}Zc) and with samples taken in
1979 (Winget 1980) and 1992 (Ecosystems Research Institute 1992). These comparisons allow a



general evaluation of changes that have occurred since the increased discharge of water into the
stream channel from the mine and help place the results in perspective relative to other
perturbations as well as baseline conditions.

The community tolerance quotient (CTQ; Winget and Mangum l9l9) was used to gain insight
into the condition of the stream relative to that predicted for an idealized system from slope,
water chemistry, and substrate. Water chemistry for Eccles Creek was provided by EarthFax
Engineering (2001). The following estimates were used for alkalinity and sulfate levels: Eccles
Creek alkalinity recorded levels at264 mgll and sulfate estimated at 49 mgll. The gradient in
Eccles Creek is approximately 3.3%. With its combination of physical properties, it had a
predicted community tolerance quotient (CTQp) of 80 (Winget and Mangum 1979). The Biotic
Condition Index was used to further interpret the data generated with this procedure.

Diversity was calculated for the stations using the Shannon-Weiner index (Pieliou 1977). This
allows a general comparison among sample stations and dates. Diversity indices take the
number of taxa and their individual densities into account, generating a single value for each
station. The greater the number of species or taxa and generally the more even the distribution of
densities among taxa, the higher the diversity index value.

The data were clustered with the UPGMA algorithm using the Bray-Curtis measure of
dissimilarity (Poole 1974, Krebs 1989). The NTSYSpc package was utilizedto generate the
cluster dendrograms (Rolf 2000). As a final analysis, the entire data set was examined with an
ordination technique, correspondence analysis (Braak and Smilauer 2002). This was
accomplished with the fuIl data set. A log X*l transformation was applied to the data to reduce
the effect of high densities. This procedure is used mainly as an exploratory method so that
general trends in the sampling stations can be graphically appraised.

RESULTS AND DISCUSSION

Number of Taxa

Twenty-seven taxa were collected from Eccles Creek in the fall of 20A7 while twenty-two taxa
were collected in the summer 2008. The highest number of haxa were collected at station EC4
both sampling periods. The total number of taxa is the highest collected from Eccles Creek since
the recent sampling series began in 2001. Excluding two categories (unidentified plecopterans
and chironomid pupae), seven taxa were collected in stationEC2,24 taxa in station F.C4 and 17 in
station EC5 in the fall2001 series (Table l). The summer 2008 samples series had 7 taxa in
station 8C2,15 taxa in station EC4 and 11 in station EC5. As seen in previous sampling efforts,
higher numbers of taxa tend to be collected in the fall samples. The upper station, EC2, has not
shown any pattern of increased taxa through the sample period. This station has the greatest
amount of carbonate precipitation on the substrate and that factor likely limits all but epibenthic
invertebrates. The other two stations have greater numbers of taxa than were collected in the early
2002 samples, but do not seem to be increasing in total taxa much beyond the 2004 sample series.
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All stations are below the baseline number of taxa collected in 1979. In2004, station EC5 could
have been considered to have recovered to pre-mining conditions based on the total taxa count
alone, but in both 2007 and 2008 the number of taxa had again decreased. The taxa count for the
other two stations, EC2 and EC4, were below the base-line counts of 1919 for their respective
locations. Total taxa counts give one measure of the state of the community but, by themselves,
such counts are relatively uninformative except for giving a rough estimate of diversity.

Total Densitlz Comparisons

In September 2A07 the total density estimates in stations EC2 and EC4 were lower than they had
been in2002, the first series of samples following the increased discharge into Eccles Creek.
The total density in station EC5 was several times higher than the 2002 estimates. The total
densities (Table 2) of invertebrates in all three stations in 2008 were considerably higher than the
densities recorded in2002. Station ECz, the upstream most station, had the highest total density
recorded since the increase in discharge, and was actually higher than the May-June estimates in
1979. The lower two stations' 2008 total densities were also in the range of the 1919 sample
series. While the20A7 samples in EC2 andEC4 were indicative of no change, the 2008 data
suggests that the system may have recovered in total numbers, despite the contrasting evidence
from the number of taxa discussed above. Yet despite these total densities being within the
range of 1979, both EC4 and EC5 2008 densities have decreased to one fifth to one eighth of the
2004 density estimates at those same stations (Table 2).

The extreme increases in Eccles Creek station densities in October 2AA4 were at stations EC4
and EC5. This was partly due to seasonal changes in community structure. Early instars of
many invertebrates can pass through a250 micron mesh net, and chironomids often overwinter
in early instars (e.g. Shiozawa and Barnes l9l7). By June they would have grown to a size that
could be more readily collected by the benthic sampler. In addition, our protocol of sorting
samples under dissecting scopes after general sorting is much more accurate than open-pan
sorting. While we do not know how the processing was completed in the previous studies, we do
know that our approach will give a more accurate count of individuals when compared to open-
pan sorting alone. A third factor that may have had an impact was the failure of several beaver
dams above these sites. These released significant amounts of sediment into the stream channel
and the increased sediment would be favorable to the benthic invertebrates.

Based on total densities, both EC4 and EC5 in 2008 were near pre-impact numbers. If density
alone were a function of recovery, and if higher numbers denote greater recovery, then those two
stations could be considered to have recovered. However, that would also imply that the October
2004 density estimates indicated that the stations had exceeded the baseline conditions. As noted
previously (Shiozawa2A0l), in stressed systems a few taxa often dominate the community with
high numbers of individuals and these can easily mask the state of the community.
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Taxa Specific Densities

While total densities can give a quick picture of the state of the stream system, they can also be
misleading if the component taxa are not considered. High densities of relatively few taxa are
common in stressed or polluted systems because a few tolerant taxa are able to monopolize
resources. This is especially enhanced in an environment with reduced predation and
competition.

Baetis were absent or rare in the June 2003 sampling series. In the July 2002 samples
(Shiozawa2002c), Baetis densities were moderate at242lm',4gllm2, andZ}Almt in ECL,EC4,
and EC5 respectively. The October 2A02 samples showed Baetis absent atEC2, about the same
density atEC4 (400/m2) and higher at EC5 (12911m2). Yet in the June 2Affi samples, only six
Baetis per square meter were found atEC4, and none were present atECZ or EC5. However, by
the following sample period, the fall, 2003, Baetis density had rebounded in stations EC4 and
EC5 with 24481m2 and 13,8351m2. None were collected in station EC2. By spring,20A4, Baetis
was again collected at station EC2 where a density of 1, l5llm2 was recorded. During that same
sampling period, station EC4 had Baens densities of 2,3621m2, almost identical with the previous
fall, and the downstream station EC5 had a density estimate of 8,3021m2, a third less than
recorded in the previous fall samples. In fall, 2004, Baetis density at station F.CZ was estimated
at 1,1 5llm2 (Table 3), identical with the estimate for spring, 2004. While the mean density
estimate is-identical for the two seasons, the densities per sample were not. The spring samples
showed a more clumped distribution than the fall samples. In fall, 2004, both of the lower
stations had a significant increase in Baetis. Station EC4 had 18,3921m', and EC5, had
44,34I1m2. The decrease of Baetis in 2003 was interpreted as being a transient perturbation
although the failure of Baetis to increase at station EC2 was thought to be associated with the
scouring and armoring of the streambed. In September 2007 Baetis densities were 1271m2 in
both EC2 and EC5 and,370lm'inEC4 (Table 3). In July 2008 their numbers werel8lm2 in EC2,
4731m2 in EC4 andT3lm'itt EC5 (Table 4). These....nt data indicate that the high 2003-2004
densities may have been transient, and the 2003 densities were more indicative of prevailing
conditions.

The mayfly, Cinygmula, was in low densities in the 2007-2008 samples, only being collected in
station EC5 (51m2 and 6lm2 in2007 and 2008; Tables 3 and 4). It was not collected in the fall
2044 sample series. In spring,2003, it was in moderate densities in the upstream site (EC2) with
a density of 23Alm' but rare or absent in the middle (EC4) and lower (EC5) sites. This genus
was also absent in the fall, 2002, samples but was in very low densities at stations EC2 and EC4
in July 20A2, and was in moderate densities (1821m2) in station EC4 in fall, 2003. In spring,
2004, it was only found at station ECz in low density (121m'). Cinygmula is characteristic of
relatively high quality systems. It is a scraper-gatherer feeding on algae and detritus on the
surface of rocks. Prior to the construction of the road, this genus reached densities of over 8,000
per square meter in late summer, although spring and early summer densities were around 1,000
per square meter in the middle and upper reaches of Eccles Creek (Shiozaw a 2002b). The lack
of this taxon indicates that it has not adapted to the changes induced by or accompanying the
increased flow even though it utilizes rock surfaces for feeding and the entire streambed in
station F.CZ should be available for its use.
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The hydroptilid caddisfly, Ochrotricha (a micro-caddisfly), was absent in the faLL,2004, samples,
yet at station EC5 in spring ,2004, its density was 5,830/m2, and at station EC4, it was collected
at 1,3271m2. In2007 this genus was collected at 12,/m2 in station Ec4,but it was absent in the
other two stations. In 2008 no Ochrotricha were collected . Hydroptilla were collecte d at 55/m2
from station EC5 in fall, 2004 but none were collected in September of 2007. In July 2008 this
taxon reappeared in densities of 4481m', TAgl*2, and 1941m2 respectively in station ECL,EC4,
and EC5. These insects attach to the surface of rocks and woody debris and feed on algae
growing on the surface of the substrate. It appears that Hydroptilla may be better adapted than
Ochrotricha to the conditions existing in Eccles Creek.

In the fall of 2004, Hydropsyche was absent at station EC2 but occurred at stations EC4 and EC5
at densities of 8971m2 and272lmz respectively. This is in contrast with 731m2 and 1991m2 at
those two stations in spring, 2004. In the previous fall samples (2003), Hydropsyche was
collected at394lmt, 1,2451m2, and 2421m2 from stations ECL,EC4, and EC5 respectively.
Hydropsyche,hke Baetis, was not collected in the spring, 2003, sample series but had been the
dominant benthic macroinvertebrate in the October 2002 samples (1,030/m', L,A241ffi2,1,3211m2
at stations EC2,EC4, and EC5 respectively). This suggests that the loss of hydropsychids in
spring, 2003, was a result of an unknown perturbation that affected the stream in the
winter/spring of 2003. The faLL,2004, numbers are little changed from the fall, 2003, densities at
stations EC4 and EC5, but Hydropsyche was not collected from station ECz during the spring
and fall sampling periods in2004. In September 2007 Hydropsyche was absent from Station
Ec2,but it occurred in densities of 6541m2 and 4421m2 in stations EC4 and EC5 respectively.
In July 2008 Hydropsyche again was absent in Station EC2, and it was much reduced in stations
EC4 and EC5 (l2lm' and6lm'; Table 4). The absence of individuals of this genus at stationB,C2
in2004,20A7, and 2008, while it was present in the faLL,2003, implies that changes in the
environment at that station may have reduced recruitment onto the substrale. It also appears that
numbers are decreasing significantly in stations EC4 and EC5.

Chironomids, in Septemb er 2007 were in densities of 800/m2, 21391m2, and l109lm2 in stations
EC2,E]4,and EC5 respectively. In July of 2008 their numbers increased to 100291m2,
10541m2, and 4l93lm2 in those same three stations. ln Octob er 2004, chironomids numbered
20A1m2,2,7691m2, and 5,3631m2 in stations EC2, EC4,and EC5 respectively. In the previous
October samples (2003), they numbered 4191m2,6421m2, and 1,0361m2 at the same three stations.
The October 20A4 density was down in station EC2 but was up in both of the lower stations. In
contrast, the June 2004 density estimates of 6,060/ ffi2 , 18,2651m2, and 33 ,451lm2 included the
highest numbers recorded in the EC4 and EC5 sample series. This supports a seasonal
fluctuation in numbers of midges within the system, but seasonality does not fully explain the
high densities in the spring of 2004.

Oligochaetes also *o* a seasonal abundance signal. In June 2002they numbere dJ9lm2,
6541m',^and576lm'in stations ECz,EC4, and EC5 respectively. In fall, 20A2,the numbers fell
to79lm2,0lm2, and Alm2 at the same three sites. The following year.,in the spring of 2003, the
density estimates were 4421m2, 8J9lm2, and 1 031m2, slightly higher at stations EC2 and EC4 than
the previous spring. But again in October 2003 the densities at stations ECZ and EC4 had
declined to 24lmz and 241m2 . Station EC5, however, increased to I ,0791m2. By sprin g,2004,

l 5



the densities of oligochaetes in all stations increased, especially in the two downstream stations.
Their spring, 2A04, densities were 2,9391m2, 48,g651m2, and 3l,3l8lm' inEC2,EC4, and EC5
respectively.^ By October 2004 the numbers had declined at stations EC4 and EC5 to 14,241lmz
and 8,5l4lmt respectively. Station ECz, with 2,7821m2, was only slightly lower than the spring,
2004, estimates. The September 2007 oligochaete densities were J821m2,21141m2, and 12J91m2,
again reflecting a fall decrease in density. By July 2008 the numbers had again increased to
44661m2, 48961m2, and 62961m2. However tile 2008 densities were significantly lower in
stations EC4 and EC 5 than were recorded in 2004. Oligochaetes are deposit feeders burrowing
into sand depositional microhabitats. Their increasing abundance in 2004 may have reflected
both an increase in sand habitat (at the expense of silt habitats) as several beaver dams washed
out in the stream system. If that was the case, then future studies, barring additional sand input
from upstream beaver dams, may find a continuing decline in oligochaete densities as the fine
sediments are flushed from the svstem.

Biomass

Total biomass estimates were generated for each station and for both sampling periods (Table 5).
These biomass estimates can be compared with the biomass estimates from previous collections
(Table 6) to gain insight into the standing stock of energy in the system at different time periods.
We do not have biomass estimates for Eccles Creek prior to the increased discharge in 2001, but
we can use biomass estimates from Woods and Winter Quarters canyons (Shiozawa2}A4,
Shiozawa and Fordham 2010; Table 7) for comparison since those two streams parallel Eccles
Creek and should be similar to the pre-impact Eccles Creek system.

The overall mean biomass for Woods and Winter Quarters canyons is just over 43 glm2 . In
contrast, E,ccles Creek mean biomass is 9 g.lmz. The biomass estimates in Woods-Winter
Quarters{ange from 17.6 {mt to 86.6 Ct# while the range in Eccles Creek is from 1.82 glmz to
36.7 gl^'. The high estimate for Eccles Creek came from EC4 in June of 2004 and is double the
biomass of the next highest estimate, which is from the 2000-08 series from Eccles Creek. Both
the September 2007 and July 2008 overall biomass estimates for Eccles Creek ate a fifth to a
seventh of the respective Woods-Winter Quarters estimates. In addition, the upper station, EC2,
in Eccles Creek is almost always the lowest in biomass of the three sites on that stream. In
September of 2007 its biomass was justTo/o of that in the Woods and Winter Quarters samples
and in July of 2008 the EC2 biomass was about I3o of the Woods-Winter Quarters mean.

Table 5. Biomass estimates, September 2A07 and July, 2008.

Upper Eccles (EC2) Middle Eccles (EC4) Lower Eccles (EC5)
Sample Sep-07 Jul-08 Sep-07 Jul-08 Sep-07 Jul-08

0.070 e 0.28  e 0.32 s. 0.23 s. 0.05 e 0 . 1 5  e
2 0.021 s 0.24 s. 0 . 1 3  s 0 . 1 7  e 0.04 e 0 . 1 1 e
a
J 0.002 e 0 . 1 6  e 0.45 e 0.17 s. 0.47 s. 0.22 s.
4 0.200 e 0.09 e 0.04 e 0 . 3 1  e 0 . 5 1  e 0 . 1 7  e
5 0.007 e 0 . 1 7  e 0.52 s 0.27 s. 0.20 e 0.24 e
total 0.30 e 0.95 e 1 . 4 4  s 1 . 1 4  e 0 .87  e 0.88 e
P,l m' 1.82 slm- 5.73 el:'n' 8.75 s.lm' 6.91 glm' 5.25 elm' 5.33 s/m'
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October
2002

June
2003

June
2404

October
2004

September
2401

July
2008

Average

Upper Eccles
(EC2) 16.06 glm2 6.46 {mz 3.21 {m2 2.36 glm2 1.82 {mz 5.73 glm2 5.94 glm2

Middle Eccles
(EC4) 10.40 glm2 6.67 glm2 36.66 glmz 10.75 glm2 8.75 glmz 6.91 glm2 13.36 glm2

Lower Eccles
(EC5) 11.92 g/mz 3.74 glm2 16.28 glmz 19.68 glm2 5.25 glm2 5.33 glm2 10.37 {m2

Average 12.79 glm' 5.62 glm' 18.72 glmz 6.12 glmz 5.27 {mz 5.99 glm2 9.08 glm'

Table 6. Biomass averages for Eccles Creek 20A2-2008.

Table 7. Biomass inglm'for Woods and WinterQuarter Canyons based on Shiozawa(2A04)
and Shiozawa and Fordham (2010).

This reinforces the scenario developed in earlier reports where we felt that the annoring of the
streambed is most intense in the upstream reaches (station EC2). Since armoring will
progressively move farther downstream as easily eroded materials are flushed out of upstream
locations, we expect that with time, the accumulated materials will be flushed from station EC4,
and that station will undergo increased armoring and will have a declining biomass. Such
processes can continue, extending further downstream until a significant inflow of sediment
laden water enters from a side stream.

Biotic Condition Index

Community tolerance quotients are a part of the biotic condition index developed by Winget and
Mangum (1979). The communitytolerance quotients are of two types, the actual community
tolerance quotient, CTQa, and the predicted community tolerance quotient, CTQp. The
predicted community tolerance quotient is based on water chemistry, substrate, and gradient and

Jun-03 Oct-03 Jun-04 Sep-O7 Jul-08 Average
Upper Woods
Canyon

36.57 glm' 31.64 glm" 3A.78 glm' 32.98 glm2 35.49 glm2 33.49

Lower Woods
Canyon

54.58 glm' 49.43 glmZ 57.19 glm' 22.52 glm2 31.45 glm2 43.03

Upper Winter
Quarters
Canyon

39.77 glm' 51.82 g/m' 47.07 /m' 17.56 glm2 42.03 glm2 39.65

Middle Winter
Quarters
Canyon

37.62 glm 67.18 /m" 52.43 glm' 22.75 glm2 67.06 glm2 49.41

Lower Winter
Quarters
Canyon

57.23 glm' 37.72 glm' 86.6A glm' 30.88 g/m2 42.31 glm2 50.95

Average 45.15 glm' 47.56 elm' 54.81 e/m' 25.34 s.lm' 43.67 glm' 43.31 slm'
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was determined to be 80 using the directions in Winget and Mangum (1979). CTQa values are a
simple arithmetic mean of pre-assigned index values for the taxa present at a given station. The
CTQa indices for an idealized stream, based on a combination of taxa collected from
Boardinghouse Creek in November 2001, and all taxa collected in Eccles Creek from 2001-2008,
are given in Tables 8 and 9. The tolerance index for each taxon, if present, in2A07 (Table 8) or
2008 (Table 9) is listed in the appropriate station column.

Generally CTQa values less than 65 represent high quality waters, while those between 65 and
80 represent situations with moderate to high quality water. CTQa values greater than 80
represent low water quality or stressed systems, The September 2001 stations ECz, EC4, and
EC5 had CTQa values of 92,89.9, and 90 respectively. This contrasts with the fall 2004 CTQa
readings of 64,5,77, and 86.28 which would have placed station EC2 as a high quality system.
In the July 2008 stations EC2, EC4, and EC5 had CTQa values of 54.9,89.3 and 87. Both of the
lower stations again showed impact or stress, but the upper station, as in 2004, showed high
quality water. These results for F,C2 in both the fall of 2004 and in July 2007 do not reflect other
data being presented in this report. Of most importance here is the caution made in previous
reports, that the CTQa values are based on the average index from just those taxa that are
present, and taxa are not weighted for differences in abundance. A site could conceivably have a
single individual, and nothing else, but if that organism had been assigned a low tolerance
quotient, one would conclude that the water was high quality. In station ECZ the organisms are
on rock surfaces, tbnd to be taxa with low tolerance to siltation, and by default, have a lower
tolerance value. These include the mayflres Cinygmula and Drunella doddsei, the caddisfly
Rhyacophila, and immature plecopterans.

Comparisons of Community Tolerance euotient and Biotic Comparison Indices

CTQa values for Eccles Creek can be compared from the 1979,199A, and 2000 sample periods.
These values detected the impact in the 1990s in three stations below the mine (ECl ,F,C2 and
FC4; Table 10), but the impact did not reach the lowest station, EC5. Beginnin g in 2001 , the
average CTQa for the stream jumped to 94 and stayed above 70 in 2A02, and in June 2003 it was
93. It was 78 in October, 2003; 87 in June 2A04; and76 in October,2004. In September 2007
the average was 90 and in July 2008 rt was 77 . The additional inflow has had a more intense
impact on the stream than the 1990 detergent spill.

The biotic condition index (BCI) is CTQp/CTQa X 100. This measure (Winget and Mangum
1979) can be used in conjunction with CTQa to generate a broader interpretation of the state of
stream systems. Ideally, if all predictors are accurate, a pristine system will have a BCI of 100
(CTQp: CTQa). BCI values below 100 represent a condition where fewer clean water taxa than
predicted are present and thus indicate a reduction in the quality of the habitat. Any BCI value
above 100 represents communities whose clean water taxa are in greater abundance than
predicted. In 35 of the 51 sample stations presented in this report (Table 10), the BCI was over
100. All of the stations sampled in 1979 had BCI values above 100, averaging over 120.
Likewise, all but one station, which was directly below the mine, in the 1990-1991 spill series
had BCI values above 100. Of the 25 stations sampled since 2001, nine were above 100. Two
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Table 8. Tolerance quotients September 2007 .

Taxa above
South
Fork
(EC2)

at Whisky
Canyon
(EC4)

Lower
Eccles
(EC5)

Ideal stream
(species list,
including
Boarding-
house Creek)

Ephemeroptera: Baetidae: Baetis 72 72 72 72

Ephemeroptera: early instar n ^ 72 72 72

Ephemeroptera: Ephemerellidae: Drunella
SD.

48

Ephemeroptera: Ephemerellidae: Drunella
dodsei

4

Ephemeroptera: Ephemerellidae: Serratella 48

Ephemeroptera: Ephemerellidae:
Ephemerella

48

Ephemeroptera: Heptageniidae: Cinygmula 2 l 21

Ephemeroptera: Heptageniidae: Epeorus 21

Ephemeroptera: Leptophlebidae:
Paraleptophlebia

24

Plecoptera early instar 36

Plecoptera: Chloroperlidae: Paraperla

frontaIis

24 24

Plecoptera: Leuctridae : Perlomyia utahensis l 8

Plecoptera: Nemourid ae: Mal enka c a lifo rn ica 36 36

Plecoptera: Nemourid ae: Za p ad a l 6

Plecoptera: Perlididae : Hesperoperla pacifica l 8

Plecoptera: Perlodidae'. Ditrra lorcwltoni 24

Plecoptera: Perlodidae : Skwalla parallela l 8

Plecoptera: Perlodidae : Isoperla 48

Trichoptera: pupae 1 0 8

Trichoptera: Brachycentridae: B rachycentrus 24 24

Trichoptera: Brachycentridae: Micrasema 24

Trichoptera: early instar 1 0 8

Trichoptera: Hydropsychidae: Arctopsyche l 8

Trichoptera: Hydropsychidae: Hydropsyche 1 0 8 1 0 8

Trichoptera: Hydropti lidae: Hyd ro p t il a 1 0 8

Trichoptera : Hydropti lidae Ochrotri c hia 1 0 8 1 0 8 1 0 8

Trichoptera: Limnephilidae: Dicosmecus 74

Trichoptera: Limnephilidae: Hesperophltlax 1 0 8 1 0 8

Trichoptera : Polycentropidae : Polycentropus r 0 8 1 0 8

Trichoptera: Psychomyiidae: Tinodes r08

Trichoptera: Rhyacophilidae: Rhyacophila I B

Trichoptera: Uenoidae: Neothremma aIica 8

I 9



Trichoptera: Uenoida e: O I igop I eb o de.g 24

Coleoptera: Dytiscidae 72

Coleoptera : H ete r I imn iu s 1 0 8

Coleoptera: Elmidae: Optioservus t08 1 0 8

Coleoptera: Haliplidae : Pel todytes 54

Diptera: Ceratopogonidae 1 0 8 1 0 8 1 0 8 108

Diptera: Chironomidae r 0 8 1 0 8 1 0 8 108

Diptera: Empididae: Chel ifera r08 r08 r08 108

Diptera: Empididae: Hemerodromia 108 108

Diptera: Empididae: Neoplasta 1 0 8 108

Diptera: Ephydridae: Scatella 1 0 8

Diptera: Limoniidae: Nr. Rhabdomastix 108 108

Diptera: Muscidae: Limnophora 108 1 0 8 108

Diptera: Simuliidae: Simulium 108 108

Diptera: Stratiomyid ae: A Il o gna s a 108

Diptera: Stratiomyid ae C a I o p a ryp hus 1 0 8 108

Diptera: Stratiomyid ae: Eup aryphu s 1 0 8 108

Diptera: Tipulidae Dicranota 24

Diptera: Tipulidae Limnophila I L

Diptera: Tipulidae Tipula 36 36 36 36

Diptera: Tipulidae Pedicea 72

Diptera: Tipulidae Antocha 24

Diptera: Phoridae

Collembola

1 0 8 1 0 8

1 0 8

l lemiptera: Saldidae 1 0 8

Acari: Hvdracanria 1 0 8 1 0 8

Ostracoda t 0 8

Copepoda 1 0 8 1 0 8

Cladocera r08

Mollusca: Gastropoda : Gvraulus r08

Mollusca: Spharidae: Sphaerium 1 0 8 r 0 8

Oligochaeta 1 0 8 1 0 8 1 0 8 108

Tricladida : Planariidae r08

Nematoda r08

total 828 Z J J  I 720

lt 9 26 8

CTQa 92 89.9 90



Table 9. Tolerance quotients July 2A08.

Taxa above
South
Fork
(EC2)

at Whisky
Canyon
(EC4)

Lower
Eccles
(EC5)

Ideal stream
(species list,
including
Boarding-
house Creek)

Ephemeroptera: Baetidae: Baetis 72 72 72 72

Ephemeroptera: early instar 72 72 72 1 1

Ephemeroptera: Ephemerellidae: Drunella
sp.

48

Ephemeroptera: Ephemerellidae: Drunella
dodsei

4 4

Ephemeroptera: Ephemerellidae: Serratella 48

Ephemeroptera: Ephemerellidae :
Ephemerella

48

Ephemeroptera: Heptageniidae: Cinygmula 21 21

Ephemeroptera: Heptageniidae: Epeorus 2 l

Ephemeroptera: Leptophlebidae:
Paraleptophlebia

24

Plecoptera early instar 36 36

Plecoptera: Chloroperlidae: Paraperla

frontolis

. , 4
L -

Plecoptera: Leuctridae: Perlomyia utahensis l 8

Pfecoptera: Nemouridae: Molenka californica 36

Plecoptera: Nemourid ae: Zapada l 6

Plecoptera: Perlididae'. Hesperoperla pacfica t 8

Plecoptera: Perlodidae : Diura knowltoni . A
L..l

Plecoptera: Perlodidae : Skwal la parallela l 8 1 8 l 8

Plecoptera: Perlodidae : IsoperI a 48

Trichoptera: pupae r 0 8 r 0 8

Trichoptera: Brachycentridae: B rachycentrus 24 1 A

Trichoptera: Brachycentridae: Micrasema 24

Trichoptera: early instar 1 0 8 r08

Trichoptera: Hydropsychidae: Arctopsyche l 8

Trichoptera: Hydropsychidae: HT,dropsyche r 0 8 1 0 8 1 0 8

Trichoptera: Hydroptilidae: Hydro pt i I a 1 0 8 r 0 8 1 0 8 1 0 8

Trichoptera : Hydroptilidae: O ch ro t ric h ia 1 0 8

Trichoptera: Limnephilidae: Dicosmecus
. , 4
L A

Trichoptera: Limnephilidae: Hesperophylax r08

Trichoptera: Polycentropidae: Polycentropr.rs 1 0 8

Trichoptera: Psychomyiidae: Ti nodes 108

Trichoptera: Rhyacophilidae: Rhyacophila t 8 l 8 l 8 l 8

Trichoptera: Uenoidae Neothremmu alicct 8

2 l



Trichoptera: Uenoidae Ol igopl ebodes 24

Coleoptera: Dytiscidae 72

Coleoptera : H et e rl imn fu s r08

Coleoptera: Elmidae: Optioserws r08

Coleoptera: Haliplidae'. Peltodytes 54

Diptera: Ceratopogonidae 108 r08

Diptera: Chironomidae 1 0 8 108 r 0 8 108

Diptera: Empididae: Chel ifera 1 0 8

Diptera: Empididae: Henterodromia 108 1 0 8

Diptera: Empididae Neoplasta 1 0 8 r08 1 0 8

Diptera: Dixidae: Drxa 1 0 8 r08

Diptera: Linroniidae: Nr. Rhabdomastix 108

Diptera: Muscidae: Limnophora 1 0 8

Diptera: Ptychopteridae: Ptychoptera 1 0 8 1 0 8 r08

Diptera: Simuliidae: Simuliunt 1 0 8

Diptera: Stratiomyid ae: A I I o gnas a 1 0 8

Diptera: Stratiomyid ae: Caloparyphus 1 0 8

Diptera: Stratiomyid ae'. Euparyphu s 1 0 8

Diptera: Tipulidae Dicranota 24

Diptera: Tipuiidae Limnophila 72

Diptera: Tipuiidae Tipu I a 36

Diptera: Tipulidae Pedicea 72

Diptera: Tipulidae Antocha 24

Diptera: Phoridae
1 0 8

Diptera: Scatella

Collembola

r08 r 0 8

1 0 8

Hemiptera:  Saldidae 1 0 8

Acari: Hydracarnia 1 0 8

Ostracoda r08 1 0 8

Copepoda 1 0 8 1 0 8 r 0 8

Cladocera t 0 8

Molf usca: Gastropoda: Gyraulu,s r08

Nlolfusca: Spharidae: Sphaeriunt 1 0 8

Oligochaeta r08 1 0 8 1 0 8

Tricladida : Planariidae 1 0 8

Nematoda r 0 8

total 439 l  r608 t044

n 8 l 8 12

CTQa 54.9 89.3 87
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of these were faI20A4 samples from stations F.Cz and EC4. Station ECz was again above 100
in July 2008. This conflicts with the inferences generated by other data (see Tables 1,2) and is
illustrated by rating station ECz (BCI: 145) with the same station in August 1979 (BCI :123).

Diversity

Diversity indices are a way of combing both number of taxa and relative densities into a single
measurement. High diversity index values indicate more taxa and a greater number of
individuals per taxon. Low diversity values generally reflect a depauperate fauna in both species
and somewhat in numbers. The baseline stations ( 1979 samples, Table I 1) had diversity values
ranging between about two to three. The areas impacted by the chemical spill in 1990-1991 had
diversities values around one. But in September 1991, the values fell to around 0.5. However, in
that same l99l sample series, the Upper South Fork had a diversity of 0.7, considerably lower
than the I .7 to 1.9 recorded for the previous year. This implies that another factor may have also
negatively influenced the stream system in 1990.

Diversity values for all sampled stations were below 1.0 from 2001 -2A02. ln June 2003 station
ECZ was I .3, while stations EC4 and EC5 were slightly below their July 2002 levels but above
their October 2002 readings. By October 2A03, station EC4 had increased in diversity from A.96
in June 2A03 b 1.43. Station ECz dropped in diversity to 1.19. Station EC5 was stillbelow 1.0,
with a diversity index value of 0.75 which was slightly lower than its June 2003level. The June
2404 diversity readings showed station ECz decreasing slightly to I . lJ , and station EC4 also fell
to a diversity value of 0.98. ln contrast, station EC5 increased significantly in diversity to 1.47 .
The fall 20A4 samples indicated that station EC2 was continuing to have a decline in diversity
dropping to an index value of 0.94. EC4 increased its diversity reading to I .IJ,but EC5
declined to 1.05.

In September 2007 ECZ and EC5 diversity values were 1.10 and l.14 respectively. These values
are not converging towards the pre-impact state. However station EC4 had a diversity value of
2.15, which was close to the values found in the base-line sites in 1979. The high diversity
readings from EC4 in 2001 stems in part from the high number of taxa recorded and in part from
the relatively low overall density at that site.

In July 2008 the diversity values at all three stations were between 0.95 and 1.2- This is not
much change from the previous sample series for ECZ and EC5, but it represents a significant
diversity drop in station EC4. This does not support the stations, EC2 included, moving back
towards a recovered state. At this time no strong seasonal pattern is discernable and no easily
followed trend would suggest that recovery is apparent.
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Cluster Analysis

Cluster analysis generates a visual representation of relationships among samples or stations.
The Bray-Curtis dissimilarity index utilized in this study considers both quantitative counts of
individuals within each taxon and the relative densities of those organisms (Poole 1974). A total
of 56 station-date combinations were included in the cluster dendrogram (Figure 1). Each
station-date combination is a composite of the individual samples taken at each station.

Two highly dissimilar (98%) main clusters were generated. The cluster with the fewest stations
(the lowest cluster on Figure 1) consisted of stations from 1990-91, ECl and EC2, which were
impacted by the chemical spill in the 1990s. These were the two stations nearest the mine and
would be expected to have suffered the greatest impact from the spill. This cluster also includes
the samples taken at station EC4 shortly after the increase in stream discharge in November,
2001. This suggests thatBC4 responded with drastic changes in taxa composition in a rnanner
similar to the 1990 perturbations. No other samples fell in this cluster.

All other samples fall into the upper cluster, including the reference data collected in the late
1970s, the side streams sampled in both the 1970s and 1990s, the downstream sites sampled in
the 1990s, and the remaining samples taken in the 2001-2008 series. The upper cluster contains
two sub-clusters (Figure 1) separating with approximately a90o/o dissimilarity. The lower sub-
cluster contains the remainder of the 1990 sampling series as well as a number of fall samples
taken from the upper (82) and middle (Ea) sampling stations between 2002 and 2004. This sub-
cluster is made up of stations that have had a significant impact to their invertebrate community.
None of the 2007 and 2008 samples fell into this sub-cluster.

The upper sub-cluster has 3 groups separating at aboutl0-BAoA dissimilarity. The lower one
(Figure 1) separates at about 80% dissimilarity and contains 20A4 samples and one baseline
sample from 1919. The upper-most one consists of the 1979 reference samples. The recent
Eccles Creek samples would ideally fall into this group if the stations had recovered to pre-
discharge conditions. Unfortunately only one station, E5-10-03, fell into this upper group. The
remainder of the samples fell into the middle group. This group includes all of the 2007 and
2008 samples as well as majority of the summer 2002-2003 samples. The 2008 samples are
most similar to these summer samples.
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Correspondence Anallzsi s

Correspondence analysis, an ordination technique (Braak and Smilauer 2002), was run on a
reduced data set in order to generate a graphical view of the relationships among the stations
sampled in Eccles Creek since the baseline data were collected in l9]9. Plots of both the station
ordinations and the corresponding invertebrate taxa were generated so that it would be easier to
visualize not only station by station associations, but also which invertebrate taxa are driving the
separation on the ordination axes. For simplicity only the first two canonical axes were plotted.
These two axes only carry a portion of the total variation being explained by the procedure, but
they are sufficient for illustrating the associations.

The results (Figure 2) show a clear separation of the samples taken in 1979 (black triangles) from
those taken in the 1990s (circles) and those taken in the 2001-20A4 series (green, purple and red
symbols). Since some of the 1990- l99l samples were taken from locations (tributaries) that
were not directly affected by the spill, ellipses were drawn to help delineate those samples. The
lower left ellipse thus includes both the 1979 baseline samples and the tributary streams samples
in the 1990s. The 1990 tributary series was likely impacted by road construction activities, and
those sites have separated to the right on the first ordination axis and up on the second ordination
axis, placing them approximately in the center of the ordination plot (Figure 2).

The impacted stations for the 1990 sample period fall mainly in the upper right of the figure
(denoted with a blue ellipse). Stations E,C1 and ECZ (El-6-90 andE2-6-90, Figure 2), which
were the most heavily impacted by the spill, are central on the plot. Sampling did not continue to
recovery, so the trajectory of the stations between l99l and 2000 are not known. The 2001-2004
sample series forms a discrete grouping in the lower right of the ordination plot (green ellipse in
Figure 2). It appears to have a larger scatter in the second ordinal axis and is about equal in
spread to the 1990 series on the first ordinal axis.

A plot of the taxa utilized in the analysis (Figure 3) shows which taxa were important in the
ordination of samples in Figure 2. Stoneflies (chloroperlids, capniids, perlodids Diura,
Megarcys) caddisflies (Glossomatidae, Neothremma, Oligophlebodes, Onocosmoecus) and
mayflies (Seretella, Cinygmula, Paraleptophlebia) are important groups in establishing the
position of the baseline stations from T979 (Figure 2). The 1990 impact is especially noted in the
densities of dryopids and Ceratopsyche andto a lesser extent Brachycentrus, Antocha, and
Tipula The high discharge communities of 2001 through 2008 are most notable by
H em erodromia, P araperla, Optios ervus, and the caddisfly Hydroptilla.

These two ordinations (figures 2 and3) give a distinct separation of the types of communities
under normal, chemical, and high discharge impacts. The 2001-2008 samples have not shown a
shift back to the baseline state. As noted in previous reports this is related to the increased
discharge having removed fine sediments and thus armoring the benthic environrnent. The
process also includes precipitation of carbonates as the subterranean source water degases and
shifts in pH. The net result is the loss of much of the interstitial space required for a diverse
benthic invertebrate assemblase.
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Figure 2. Ordination of stations by date using Correspondence Analysis with log X+l

transformed data.
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Figure 3. Taxa ordination corresponding to the stations in Figure 2, based on Correspondence

Analysis with a log X+l transformed data. Black circle : 1979 control conditions, blue : 1990

impact conditions, and green : 2001 -2008 conditions.
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SUMMARY

Number of Taxa

The number of taxa in station EC2has maintained its low level, approximately a sixth of the 1979
count. Station EC4 had been showing a gradual increase in taxa, which peaked in September
2007 at24 taxa, but the followingyear, in July 2008, the number of taxa fell to 15. This may be
a seasonal trend or the fall2007 sample estimate may have been an abercant situation. Station
EC5 fell in number of taxa from the 2004 estimates. This reverses a trend that was noted from
June of 2003 to October 2004. No clear sustained improvement in total taxanumbers is apparent
from this series of samples.

Total Densities

Based on total densities, Station EC5 was near pre-impact numbers in both 2007 and 2008.
Likewise EC2 and EC4 were within the range of the 1979 densities in 2008. If higher density
denotes greater recovery, then the stations could be considered to have recovered. However in
2004 the densities were much higher than in2007-08, suggesting over recovery under these
assumptions. The cause of the high fall2007 densities may be in part associated with processing
techniques, but those would only reflect on comparisons with the 1979 and 1990 samples. The
procedures in most of the 2000 series have been more constant. While a temporary peak of
invertebrate numbers seems to have occurred in2004. those numbers have not been sustained.

Individual Densities

Baetis densities showed an increase through2}}4,but in 2007-2008 these numbers had returned
to the 2002levels, suggesting that the 2004 increase was only temporary. Cinygmula, appeared
to be increasing in 2003, but by the 2007-08 sample series it had fallen to very low numbers.
This taxon appears to be unable to establish itself under the condition that existed in Eccles
Creek after 2003.

Two species of hydroptillid caddisfli es, Ocltrotricha and Hydroptilla showed different responses
to the changing conditions in Eccles Creek. Ochrotricha was unable to establish high densities,
especially in station EC2, despite being relatively abundant in the spring of 2004. Yet
Hydroptillawas able to colonize Station ECz (as well as the other stations) with low densities in
2008. This suggests that Hydroptilla may be better adapted to stressed environments than
Ochrotricha.

Hydropsyche appears to have gradually decreased in abundance over the sampling years, falling
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from over 1,000/m2 in2002to a complete absence of individuals in station EC2 and extremely
low densities in EC4 and EC5 by 2008.

Chironomid densities in June 20A4 included the highest numbers recorded in the EC4 and EC5
sample series. ln addition a trend of lower densities in the fall and higher densities in the spring
was readily apparent. This supports a seasonal fluctuation in numbers of midges within the
system. But the July 2008 densities are still much lower than found in June of 20A4, supporting
the hypothesis that June of 2A04 was anomalous.

Oligochaetes also show a seasonal abundance signal with higher densities in the spring samples
and lower densities in the fall. This could be associated with erosive inputs of fines into the
stream with snow melt. By fall most of these fine sediments may be flushed from the system.
This group also shows a significant increase in density in June of 2004, but that increase was not
repeated in 2008.

Beyond seasonal fluctuations in density, it is apparent that Baetis, chironomids, and oligochaetes
all increase in the 2004 sampling period, especially in the two downstream stations. This could
suggest an adaptation of the community to the increased flows. However, the increase was not
sustained in 2007-2008. It therefore appears that the increase in 2004 was transient and a likely
cause was the failure of beaver dams which released sands, organic debris and gravel into the
stream ihannel. Other taxa such as Hydropsyche decreased from peak October 2002 densities
and were missing from the upper station, EC2 in the 2007-2008 samples. Ochrotricha and
Cinygmula showed similar responses. In contrast the microcaddisfly Hydroptilla is still found
in station EC2 indicating that it is more resistant to the effects of armoring. The individual taxa
densities thus suggest that physical changes are taking place. These changes would be expected
to be ongoing, as the streambed continues to annor itself with the increased discharge. Future
successional changes in the stream community could parallel the dynamics of station ECZ as the
armoring induced by sediment starvation continues to extend downstream.

Biomass

The overall mean biomass in Eccles Creek was 9 gl^'. ln contrast Woods and Winter Quarters
canyons had amean biomass of 43 glm'. While the biomass estimates in Eccles Creek ranges
from 1.82 glm'to36.l {m',the mean biomass indicates that the invertebrate standing stock is
seldom near the upper end of the range. The September 2A07 and July 2008 overall biomass
estimates for Eccles Creek are a fifth to a seventh of the respective Woods-Winter Quarters
estimates and station EC2 almost always has the lowest in biomass of the three sites. ln
September of 2007 its biomass was justTo/o of that in the Woods and Winter Quarters samples
and in July of 2008 the EC2 biomass was aboutL3% of the Woods-WinterQuarters mean. This
reinforces the scenario proposed in earlier reports where the armoring of the streambed is
currently most intense in the upstream reaches. The armoring will progressively move
downstream as easily eroded materials are flushed out of upstream locations.
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o CTOa/BCI

The September 2007 CTQavalues (92,89.9, and 90 at stations ECZ,EC4, and EC5 respectively)
indicate that all three locations have low water quality or are stressed. This contrasts with the
fall2004 CTQa readings of 64.5, 77 , and 86.28 which would have placed station ECz as a high
quality system. In July2008 stations EC2,EC4, and EC5 had CTQa values of 54.9,89.3 and 87.
By this measure, both of the lower stations showed impact or stress, but the upper station, as in
2004, would be rated as a high quality system. Both times that stationEC2 had the low CTQa
values (:high quality ratings), only seven taxawere collected. This appears to be due to an
inherent bias in the computation of the CTQa index. The habitatat station ECz is scoured,
armored, and heavily covered with a calcium carbonate precipitate. Thus it favors invertebrates
that live on silt-free, hard surfaces and these taxa, which tend to have low CTQa values can
drastically shift the overall CTQa, estimate, especially when low numbers of taxa are present.

The biotic condition index (BCI) adjusts the invertebrate community relative to several physical
parameters of the stream system. BCI values below 100 indicate a reduction in the quality of the
habitat. BCI values above 100 represent communities whose clean water taxa are in greater
abundance than predicted. Of the 25 stations sampled since 2001, t had BCI scores above 100.
Two of these were fall, 2004, samples from stations ECz and EC4 and stati on EC2 was again
above 100 in July 2008. This conflicts with the inferences generated by other data and is
associated with the bias discussed for the CTQa estimates above.

Diversity

Diversity values do not indicate recovery of the stations. Station F.C4 did have a temporary jump
in diversity in Septemb er 2007 , but by July 2008 this site had returned to the low diversity values
characteristic of the stream between 2001 and 2008.

Cluster Analysis

Cluster analysis shows a shift in the 2001-2008 communities from very divergent states to being
closer to the baseline community. However these communities still have over 70% dissimilarity
with the l9l9 reference sites. So while the stations are better than they were in 2001, they are
still far from being recovered.

Correspondence Analysis

Correspondence analysis also indicates that the stations in2007-8 have not converged towards
the original1979 baseline conditions. In fact this analysis suggests a slight shift away from the
1919 control state in the most recent sampling set. The 2001-2008 samples form a discrete
group in ordination space which is separate from the 1979 samples. This reinforces their
differences with the unimpacted stream community structure. This analysis indicates that Eccles
Creek has not yet begun a trend back towards the normal state.
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Conclusions

Total densities and the CTQa measures indicate that some of the sites may have improved
considerably. The CTQa measure indicates that 3 of the 25 station samples since 2001 have very
good water quality. The BCI indicates that 9 of 25 stations were of good quality. Yet the
number of taxa, individual taxa densities, biomass, diversity indicies, cluster analysis, and
correspondence analyses all indicate that Eccles Creek has not yet recovered from the increased
discharge. The cluster analysis suggests a slight shift of the three stations towards the reference
communities of 1979, but they are still highly dissimilar to those communities. Correspondence
analyses indicates that the communities have changed little since 2001.

Given the gradient of the stream channel and the increased discharge, it is unlikely that the
stream can return to its pervious state. It originally would have an established a sediment
transport rate based on seasonally low flows with occasional flood events. The equilibrial
channel for the present higher flows is one with a much greater rate of transport of loose bedload.
This situation is enhanced by the input of sediment-free water which generates an afinoring
processes much like that below reservoirs. Since the water also has a high calcium bicarbonate
content, which can be enhanced by anoxic conditions in the discharge waters, significant
precipitation of calcium carbonate would be expected as the water degasses. This can further
affnor the substrate.

Thus, it is unlikely that, in the long term, the stream can recover without a reduction in flow or
an increased input of loose, coarse material into the stream. As noted previously, the sustained
high discharge and lack of interstitial space in the stream bed does not favor retention of detritus
(Shiozawa 1983) nor the development of a diverse invertebrate community (Cummins 1974).
The armoring will continue to extend downstream as sediments available for transport gradually
disappear from the upstream streambed.

3 5



LITERATURE CITED

Braak, C. J. F. and P. Smilauer. 20A2. CANOCO Reference Manual and CanoDraw for
Windows User's Guide: Software for Canonical Community Ordination (Version 4.5).
Microcomputer Power. Icatha, NY. 500 pp.

Cummins, K. W. 1914. Structure and function of stream ecosvstems. Bioscience 24:63I-641.

EarthFax Engineering. 2001. Memo to Chris Hansen of Canyon Fuel Company, Skyline Mine.
October 24, 200I.

Ecosystems Research Institute. 1992. Eccles Creek invertebrate studies and rock dissolution
experiments. Report to Skyline Mines. Utah Fuel Company. Coastal States Energy Company.

Krebs,C.J.  1989. EcologicalMethodology. HarperandRowPub.,  Inc.  NY,NY.654pp.

Merritt, R. W. and K. W. Cummins. (eds.) 1996. An Introduction to the Aquatic Insects of
North America. Kendall/Hunt Publishing Co. Dubuque, IA. 862 pp.

Merritt, R. W., K. W. Cummins, and M. B. Berg. (eds.) 2008. An Introduction to the Aquatic
Insects of North America. 4'h Edition. Kendall/Hunt Publishing Co. Dubuque, Iowa. 1158 pp

Pielou, E. C. l9ll . Mathematical Ecology. John Wiley and Sons. NY, NY. 385 pp.

Poole, R. W. 1914. An Introduction to Quantitative Ecology. McGraw-Hill, lnc. 532 pp.

Rolf, F. J. 2000. NTSpc: Numerical Taxonomy and Multivanate Analysis System. Version
2.1. Exeter Software. Setauket, NY.

Shiozawa, D. K. 1983. Density independence versus density dependence in streams. pp. 55-72,
in Stream Ecology: Application and Testing of General Ecological Theory. eds., J. R. Barnes
and G. W. Minshall. Plenum Press- NY.

Shiozawa, D. K. 2A02a. The Benthos of Bordinghouse & Eccles Creeks and the Impact of
Increased Water Discharge into Eccles Creek in 2001. Report to Canyon Fuel Co, LLC. Skyline
Mines. February,2002.

Shiozawa, D. K. 20A2b. A compilation and comparison of the Eccles Creek macro-invertebrate
data for the period of 1979-2002. Report to Canyon Fuel Co, LLC. Skyline Mines. September,
2002.

Shiozawa, D. K. 2002c. The benthos Eccles Creek and the impact of increased water discharge
in2AA2. Report to Canyon Fuel Co, LLC. Skyline Mines. October, 2002.

3 6



Shiozawa, D. K. 2003. Eccles Creek benthic invertebrate monitoring, October, 2002. Report to
Canyon Fuel Co, LLC. Skyline Mines. June, 2A0 .

Shiozawa 2004. Baseline monitoring of the benthos of Winter Quarters Canyon and Woods
Canyon creeks, October, 2002 and June of 2003. Report to Canyon Fuel Co, LLC. Skyline
Mines. June, 2004.

Shiozawa, D. K. 2007 . Assessment of the macrobenthos of Eccles Creek. October 20A4.
Report to Canyon Fuel Co, LLC. Skyline Mines. March, 2007.
Shiozawa and Fordham 2010 An assessment of the macroinvertebrates of Woods Canyon Creek
and Winter Quarters Creek, Sevier County Utah in Octob er 2007 and July 2008.

Shiozawd, D.K. and J. R. Barnes. 1971 . The microdistribution and population trends of larval
Tanypus stellatus Coquillett and Chironomus frommeri Atchley and Martin (Diptera:
Chironomidae) in Utah Lake, Utah. Ecology 5S(3):610-618.

Shiozawo, D. K. and K. Kauwe 2006. Eccles Creek benthic monitoring, June 2004. Report to
Canyon Fuel Co, LLC. Skyline Mines. Novemb er,20A6.

Shiozawa and Fordham 2010 An assessment of the macroinvertebrates of Woods Canyon Creek
and Winter Quarters Creek, Sevier County Utah in October 2007 and July 2008. Report to
Canyon Fuel Co, LLC. Skyline Mines. March, 2010.

Winget, R. N. 1980. Aquatic ecology of surface waters associated with the Skyline Project,
Coastal States Energy Company. General Aquatic Resource Description. Report to Coastal
States Energy Company.

Winget, R. N. and F. A. Mangum. 1979. Biotic condition index: integrated biological, physical,
and chemical stream parameters for management. U. S. Forest Service Intermountain Region.
Ogden, UT.

3 l



ANNUAL REPORT Page 15

APPENDIX C

Legal Financial, Compliance and Related Information

Annual Report of Officers
As submitted to the Utah Department of Commerce

Other change in ownership and control information
As required under R645-301-l l0

CONTENTS
None - Submitted by V. Miller for all CFC Mines in March 2010



OO9 ANNUAL REPORT Page 16

APPENDIX D

Mine Maps

As required under R645-302 -525-27 0

CONTENTS
None - See Appendix B



ANNUAL REPORT Page 17

APPBNDIX B

Other fnformation

In accordance with the requirements of R645-301 and R645-302

CONTENTS
None


